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{Extract  from  Orailar  of  April  Z^  1876.] 

Awards  shall  be  based  upon  written  reports  attested  by  the  signatures  of 
their  authors. 

The  Judges  will  be  selected  for  their  known  qualifications  and  character, 
and  will  be  experts  in  departments  to  which  they  will  be  respectively 
assigned.  The  foreign  members  of  this  body  will  be  appointed  by  the 
Commission  of  each  country  and  in  conformity  with  the  distribution  and 
allotment  to  each,  which  will  be  hereafter  announced.  The  Judges  from 
>  the  United  States  will  be  appointed  by  the  Centennial  Commission. 


"<  Reports  and  awards  shall  be  based  upon  inherent  and  comparative  merit. 

The  elements  of  merit  shall  be  held  to  include  considerations  relating  to 
originality,  invention,  discovery,  utility,  quality,  skill,  workmanship,  fitness 
for  the  purposes  intended,  adaptation  to  public  wants,  economy  and  cost. 

Each  report  will  be  delivered  to  the  Centennial  Commission  as  soon  as 
completed,  for  final  award  and  publication. 

Awards  will  be  finally  decreed  by  the  United  States  Centennial  Com- 
mission, in  compliance  with  the  Act  of  Congress,  and  will  consist  of  a 
diploma  with  a  uniform  Bronze  Medal,  and  a  special  report  of  the  Judges 
on  the  subject  of  the  Award. 

Each  exhibitor  will  have  the  right  to  produce  and  publish  the  report 
awarded  to  him,  but  the  United  States  Centennial  Commission  reserves  the 
right  to  publish  and  dispose  of  all  reports  in  the  manner  it  thinks  best  for 
public  information,  and  also  to  embody  and  distribute  the  reports  as  records 
of  the  Exhibition. 


ORGANIZATION  AND  DUTIES  OF  THE  JUDGES. 

[Extract  from  Grcular  of  May  I,  1876.] 

Two  hundred  and  fifty  Judges  have  been  appointed  to  make  such  reports, 
one-half  of  whom  are  foreigners  and  one-half  citizens  of  the  United  States. 
They  have  been  selected  for  their  known  qualifications  and  character,  and 
are  presumed  to  be  experts  in  the  Groups  to  which  they  have  been  respect 
ively  assigned.     The  foreign  members  of  this  body  have  been  appointed 
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by  the  Commission  of  each  country,  in  conformity  with  the  distribution 
and  allotment  to  each,  adopted  by  the  United  States  Centennial  Com- 
mission. The  Judges  from  the  United  States  have  been  appointed  by  the 
Centennial  Commission. 

To  facilitate  the  examination  by  the  Judges  of  the  articles  exhibited, 
they  have  been  classified  in  Groups.  To  each  of  these  Groups  a  competent 
number  of  Judges  (Foreign  and  American)  has  been  assigned  by  the  United 
States  Centennial  Commission.  Besides  these,  certain  objects  in  the  De- 
partments of  Agriculture  and  Horticulture,  which  will  form  temporary 
exhibitions,  have  been  arranged  in  special  Groups,  and  Judges  will  be 
assigned  to  them  hereafter. 

The  Judges  will  meet  for  organization  on  May  24,  at  12  m.,  at  the 
Judges'  Pavilion.  They  will  enter  upon  the  work  of  examination  with  as 
little  delay  as  practicable,  and  will  recommend  awards  without  regard  to 
the  nationality  of  the  exhibitor. 

The  Judges  assigned  to  each  Group  will  choose  from  among  themselves  a 
Chairman  and  a  Secretary.  They  must  keep  regular  minutes  of  their  pro- 
ceedings. Reports  recommending  awards  shall  be  made  and  signed  by  a 
Judge  in  each  Group,  stating  the  grounds  of  the  proposed  award,  and  such 
reports  shall  be  accepted,  and  the  acceptance  signed,  by  a  majority  of  the 
Judges  in  such  Group. 

The  reports  of  the  Judges  recommending  awards  based  on  the  standards 
of  merit  referred  to  in  the  foregoing  System  of  Awards,  must  be  returned 
to  the  Chief  of  the  Bureau  of  Awards  not  later  than  July  31,  to  be  trans- 
mitted by  him  to  the  Centennial  Commission. 

Awards  will  be  finally  decreed  by  the  United  States  Centennial  Com- 
mission, in  compliance  with  the  Act  of  Congress  of  June  i,  1872,  and  will 
consist  of  a  special  report  of  the  Judges  on  the  subject  of  the  Award, 
together  with  a  Diploma  and  a  uniform  Bronze  Medal. 

Upon  matters  not  submitted  for  competitive  trial,  and  upon  such  others 
as  may  be  named  by  the  Commission,  the  Judges  will  prepare  reports  show- 
ing the  progress  made  during  the  past  hundred  years. 

Vacancies  in  the  corps  of  Judges  will  be  filled  by  the  authority  which 
made  the  original  appointment. 

No  exhibitor  can  be  a  Judge  in  the  Group  in  which  he  exhibits. 

An  exhibitor,  who  is  not  the  manufacturer  or  producer  of  the  article 
exhibited,  shall  not  be  entitled  to  an  award. 

The  Chief  of  the  Bureau  of  Awards  will  be  the  representative  of  the 
United  States  Centennial  Commission  in  its  relations  to  the  Judges.  Upon 
request,  he  will  decide  all  questions  which  may  arise  during  their  proceed- 
ings in  regard  to  the  interpretation  and  application  of  the  rules  adopted  by 
the  Commission  relating  to  awards,  subject  to  an  appeal  to  the  Commis- 
sion. 

A.  T.  GOSHORN, 

Director-  GeneraL 
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{Extract  from  Director' GeneraPs  Addrets  to  Judges^  May  24,  1876.] 

''  The  method  of  initiating  awards  which  we  have  adopted  differs  in  some 
respects  from  that  pursued  in  previous  exhibitions.  In  place  of  the  anony- 
mous verdict  of  a  jury,  we  have  substituted  the  written  opinion  of  a  Judge. 
On  this  basis  awards  will  carry  the  weight  and  guarantees  due  to  individual 
personal  character,  ability,  and  attainments,  and  to  this  extent  their  reli- 
ability and  value  will  be  increased.  It  is  not  expected  that  you  will  shower 
awards  indiscriminately  upon  the  products  in  this  vast  collection.  You 
may  possibly  find  a  large  proportion  in  no  way  raised  above  the  dead  level, 
nor  deserving  of  particular  notice.  The  standard  above  which  particular 
merit  worthy  of  distinction  begins  is  for  you  to  determine.  In  this  regard 
I  have  only  to  express  the  desire  of  the  Centennial  Commission,  that  you 
should  do  this  with  absolute  freedom,  and  when  you  meet  with  a  product 
which  you  consider  worthy  of  an  award,  we  desire  you  to  say,  in  as  few 
words  as  you  may  deem  suitable,  why  you  think  so. 

"  This,  gentlemen,  is  all  we  ask  of  you  in  the  Departments  of  Awards. 
Opinions  thus  expressed  will  indicate  the  inherent  and  comparative  merits, 
qualities,  and  adaptatidns  of  the  products, — ^information  which  the  public 
most  desires. 

''  Elaborate  general  reports  and  voluminous  essays,  though  of  great  value 
as  sources  of  general  information,  give  little  aid  in  determining  the  reliable 
or  intrinsic  merits  of  particular,  individual  products. 

^<  The  regulations  which  have  been  published  divide  the  work  of  awards 
into  three  parts: 

"  ist.  The  individual  work  of  the  Judges. 

"  ad.  The  collective  work  of  the  groups  of  Judges. 

''  3d.  The  final  decisions  of  the  United  States  Centennial  Commission 
in  conformity  with  the  acts  of  Congress. 

''Each  award  will  thus  pass  three  ordeals,  which,  doubtless,  will  be 
ample  and  satisfactory." 


GROUP    I. 


JUDGES. 


AMERICAN. 


Alexander  L.  Holley,  New  York  City. 

T.  Sterry  Hunt,  Boston,  Mass. 

J.  M.  Safford,  Nashville,  Tenn. 

S.  B.  AxTELL,  Santa  F€,  New  Mexico. 

John  Fritz,  Bethlehem,  Pa. 

Austin  Savage,  Boise  City,  Idaho. 

W.  S.  Keyes,  Eureka,  Nevada. 

Frederick  Prime,  Jr.,  Easton,  Pa. 

Matthew  Addy,  Cincinnati,  Ohio. 

G.  C.  Broadhead,  Pleasant  Hill,  Missouri. 


FOREIGN. 


Isaac  Lowthian  Bell,  Great  Britain. 
Ernst  F.  Althans,  Germany. 
Louis  Simonin,  France. 
Ferdinand  Valton,  France. 
Richard  Akerman,  Sweden. 
Achille  Jottrand,  Belgium. 
L.  Nicholsky,  Russia. 
Nicolas  Jossa,  Russia. 
Theodor  Kjerulf,  Norway. 
Daniel  de  Cortazar,  Spain. 
Mariano  Barcena,  Mexico. 


The  following  named  Judges  were  temporarily  assigned  from  other  groups  to  assist  in 
the  examination  of  the  classes  attached  to  their  respective  names. 

QUINCY  A.  GiLLMORE. — 103. 

J.  S.  Newberry. — 102. 
Otto  Martin  Tor  ell. — 121. 
Henry  Wurtz. — 104. 
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GROUP   L 


MINERALS,    MINING,    AND  METALLURGY,   INCLUDING    THE 

MACHINERY. 

Class  ioo. — Minerals,  Ores,  etc. 

Metallic  and  non-metallic  minerals,  exclosive  of  coal  and  oil.  Collections  of  minerals 
systematically  arranged ;  collections  of  ores  and  associated  minerals;  geological  collections. 

Class  ioi. — Mineral  Combustibles. 

Coal,  anthracite,  semi-bituminous,  and  bituminous,  coal-waste,  and  pressed  coal; 
albertite,  asphalt,  and  asphaltic  limestone ;  bitumen,  mineral  tar,  crude  petroleum. 

Class  102. — ^Building  Stones,  Marbles,  Slates,  etc. 

Rough,  hewn,  sawed,  or  polished,  for  buildings,  bridges,  walls,  or  other  constructions, 
or  for  interior  decoration,  or  for  furniture. 

Marble — ^white,  black,  or  colored — ^used  in  building,  decoration,  statuary,  monuments, 
or  furniture,  in  blocks  or  slabs  not  manufactured. 

Class  103. — Cement-stone  and  crude  materials  for  cement,  limestone,  etc.  (For 
cement  and  artificial  stone,  see  Group  II.) 

Class  104. — Clays,  kaolin,  silex,  and  other  materials  for  the  manufacture  of  bricks, 
terra-cotta,  porcelain,  faience,  and  of  glass,  tiles,  and  fire-brick.  Refractory  stones  for 
lining  furnaces;  sandstone,  steatite,  etc.,  and  refractory  furnace  materials. 

Class  105. — Graphite— <niide  and  refined — ^for  polishing  purposes;  for  lubricating, 
electrotyping,  photography,  pencils,  etc. 

Class  106. — Grindstones,  hones,  whetstones ;  grinding  and  polishing  materials — 
sand  quartz,  garnet,  crude  topaz,  diamond,  corundum,  emery  in  the  rock  and  pulverized, 
and  in  assorted  sizes  and  grades ;  lithographic  stones. 

Class  107. — Mineral  waters;  artesian  well  water;  natural  brines,  salt;  soluble 
minerals  generally ;  sulphur,  etc. 


METALS,  METALLURGICAL  PRODUCTS  AND  PROCESSES. 

Class  i  10. — Gold,  silver,  platinum,  quicksilver,  iridium,  and  the  rare  metals. 

Class  hi. — Iron  and  steel  in  the  pig,  ingot,  bar,  plates,  and  sheets;  with  specimens 
of  slags,  fluxes,  residues,  and  products  of  working. 

Class  112. — Copper  in  ingots,  bars,  and  rolled,  with  specimens  illustrating  its  various 
stages  of  production. 

Class  113. — ^Lead,  zinc,  antimony,  and  other  metals,  the  result  of  extractive 
processes. 

Class  114. — Alloys  used  as  materials — ^brass,  nickel-silver,  solder,  etc. 

Class  115. — Electro-metallurgy — ^unwrought  products. 

•  • 

VII 


viii  CLASSIFICATION, 

MACHINES,  TOOLS,  AND  APPARATUS  OF  MINING  AND  METALLURGY. 

Class  500. — Rock  drilling,  boring,  and  cutting. 

Class  501. — Well  and  shaft  boring,  oil-well  machinery,  etc. 

Class  502. — Machines,  apparatus,  and  implements  for  coal  cutting. 

Class  503. — Hoisting  machinery  and  accessories. 

C1.ASS  504. — Pumping,  draining,  and  ventilating. 

Class  505. — Crushing,  grinding,  sorting,  and  dressing — ^breakers,  stamps,  mills,  pans, 
screens,  sieves,  jigs,  concentrators. 

Class  506. — Furnaces,  smelting  apparatus,  and  accessories. 

Class  507. — Machinery  used  in  the  Bessemer  and  other  special  processes  for  making 
steel. 

Class  512. — Rolling  mills,  bloom  squeezers,  etc. 


MINE  ENGINEERING— MODELS,  MAPS,  AND  SECTIONS. 

Class  120. — Surface  and  underground  surveying  and  plotting.  Projection  of  under- 
ground work,  location  of  shafts,  tunnels,  etc.     Surveys  for  aqueducts  and  drainage. 

Boring  and  drilling  rocks,  shafts,  and  tunnels,  etc.,  and  for  ascertaining  the  nature 
and  extent  of  mineral  deposits. 

Construction.  Sinking  and  lining  shafts  by  various  methods ;  driving  and  timbering 
tunnels,  and  generally  the  operations  of  opening,  stoping,  and  breaking  down  ore;  timbering, 
lagging,  and  masonry. 

Hoisting  and  delivering  at  the  surface  rock,  ore,  or  miners. 

Pumping  and  draining  by  engines,  buckets,  or  by  adits. 

Ventilation  and  lighting. 

Subaqueous  mining,  blasting,  etc. 

Hydraulic  mining,  and  the  various  processes  and  methods  of  sluicing  and  washing 
auriferous  gravel,  and  other  superficial  deposits. 

Quarrying. 

Class  121. — Models  of  mines,  of  veins,  and  of  machinery,  etc. 
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OF  THE 


JUDGES    OF    GROUP    I. 


Lafayette  College,  Easton,  Pa. 
Januaiy  31,  1878. 

Prof.  Francis  A.  Walker,  Chief  of  Bureau  of  Awards: 

Sir, — I  submit  herewith  the  reports  of  the  Judges  of  Group  I.,  at 
the  Centennial  Exhibition,  so  far  as  received.  It  is  much  to  be 
regretted  that  the  gentlemen  who  were  appointed  to  prepare  reports 
on  gold,  silver  and  lead,  iron  ores  and  pig-iron,  and  machinery 
employed  in  the  manufacture  of  iron,  have  not  completed  the  work 
undertaken  by  them.  An  abstract  of  the  General  Report  of  the 
group  appears  at  the  close  of  the  separate  reports. 

Yours,  very  respectfully, 

FREDERICK  PRIME,  Jr., 

Secretary, 
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GROUP  I. 
MINERALS,  MINING,  AND  METALLURGY. 

BITUMEN,  ASPHALTUM,  PETROLEUM,  AND  OTHER 
HYDROCARBONACEOUS  SUBSTANCES,  EXCEPTING 
COAL. 

BY  G.  C.  BROADHEAD. 

Far  back  in  the  remote  uncertainty  of  time  we  find  that,  in  building 
the  Tower  of  Babel,  "  slime  had  they  for  mortar ;"  that  the  ark  of  Noah 
was  coated  within  and  without  with  pitch ;  and  we  are  further  told  in 
sacred  writ,  that  the  mother  of  Moses  "  took  for  him  an  ark  of  bul- 
rushes, and  daubed  it  with  slime  and  with  pitch."  In  the  latter 
instance  the  pitch  was  undoubtedly  bitumen ;  in  the  others,  we  infer 
that  bitumen  was  also  used,  and  there  is  no  doubt  of  its  being  used 
in  the  construction  of  the  Tower  of  Babel.  Herodotus  (in  Clio) 
informs  us  that  the  walls  of  Babylon  were  of  brick,  laid  in  bitumen. 
It  was  heated  and  used  as  a  cement  in  the  place  of  mortar ;  and  he 
also  says  that  they  mixed  it  with  the  tops  of  reeds,  and  it  was  placed 
between  every  thirtieth  course  of  bricks.  In  the  main,  his  statements 
have  been  confirmed  by  later  travelers.  Some  travelers  state  that 
they  have  found  bitumen  used  in  every  seventh  or  eighth  course,  and 
even,  at  one  place,  it  was  found  between  every  twp  courses  of  bricks. 
Two  kinds  of  bricks  appear  to  have  been  used  at  Babylon,— one  fire- 
baked,  the  other  sun-baked.  Some  were  deposited  in  lime  and  sand, 
or  only  in  clay,  others  in  bitumen. 

Bricks  from  Hillah,  with  bitumen  still  adhering  to  one  side,  were 
examined  by  Parkinson,  and  the  bitumen  was  found  to  be  still  com- 
bustible, and  would  burn  when  brought  into  the  flame  of  a  candle, 
yielding  a  strong  bituminous  odor.  The  village  of  Hillah,  or  Hellah, 
is  said  to  occupy  the  site  of  the  ancient  Tower  of  Babel,  and  the  city 
of  Babylon  must  have  been  on  or  near  the  present  site  of  Hillah, 
which  is  known  to  have  been  built  of  the  bricks  of  the  ancient  city, 
and  even  may  have  been  built  upon  the  very  site  of  ancient  Babylon. 
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The  bricks  examined  by  Parkinson  must,  therefore,  have  been  at  least 
3500,  or,  perhaps,  even  over  ^000  years  old. 

Bitumen  flows  out  of  the  ground  at  Babylon.  It  is  also  dug  up  in 
Syria ;  but  that  used  at  Babylon  was  obtained  at  Hit,  or  It,  or  on  the 
river  Is,  of  Herodotus,  eight  days*  journey  above  Babylon.  Bitumen 
was  also  much  used  in  building  at  other  places.  The  wall  of  Medea, 
between  the  Euphrates  and  Tigris,  was  built  of  burnt  brick  laid  in 
bitumen.  We  are  also  informed  that  the  Persians  would  dip  their 
arrows  in  pitch,  light  them,  and  shoot  them  upon  the  roofs  of  their 
enemies. 

The  Dead  Sea,  or  Lake  Asphaltites,  is  mentioned  by  most  of  the 
ancient  writers  as  being  very  bituminous,  and  Diodorus  states  that 
near  its  middle  a  mass  of  bitumen  would  rise  up  every  year  and 
float  off",  appearing  in  the  distance  like  an  island.  This  was  gathered 
by  the  neighboring  people,  who  carried  it  to  Egypt,  and  there  sold  it 
to  the  Egyptians,  who  used  it  in  embalming  their  dead.  In  modern 
times,  the  Arabs  procure  this  bitumen  from  the  shores  of  the  Dead 
Sea,  and  sell  it  at  distant  places. 

Bitumen  is  spoken  of  by  some  of  the  ancient  writers  as  pissasphal- 
tum,  and  at  Agrigentum  it  was  burned  in  lamps  in  place  of  oil,  and 
called  Sicilian  oil. 

PETROLEUM— ITS   EARLY  HISTORY. 

Mr.  William  Buck,  Curator  of  Records,  Pennsylvania  Historical 
Society,  in  an  interesting  article  read  before  the  Society  March  13, 
1876,  states,  that  "the  early  French  missionaries  knew  of  its  existence 
as  early  as  1627  ;'*  and  Charlevoix  mentions  that,  "in  1642,  the  Jesuits 
found  near  Lake  Erie  a  thick,  oily,  stagnant  water,  which,  on  applica- 
tion of  fire,  would  burn  like  brandy."  Messrs.  Dollier  and  Gallinee, 
missionaries  of  the  order  of  St.  Sulspice,  prepared  a  map  of  the  country 
in  1670,  on  which  there  is  marked  Fontaine  de  Bitume^  about  where  is 
now  the  town  of  Cuba,  Alleghany  County.  New  York.  Charlevoix, 
who  traveled  through  this  country  in  172 1,  mentions  this  water, 
which  resembled  oil,  and  had  a  taste  of  iron.  He  also  ijames  another 
fountain  containing  similar  water,  used  by  the  savages  to  appease  all 
manner  of  pains.  Sir  William  Johnson,  who  visited  this  region  in 
1767,  mentions  the  fact  of  oil  being  upon  the  water,  and  Spofford's  Ga- 
zette^ May^j  1822,  mentions  the  Seneca  Oil-Spring,  at  Cuba,  New  York. 
This  spring  is  on  a  reservation  of  one  mile  square  belonging  to  the 
Seneca  Indians,  and  the  oil  has  been  long  known  as  Seneca  oil.  The 
earliest  mention  of  petroleum  in  Pennsylvania  was  by  Charlevoix, 
who  obtained  his  information  from  De  Joncaire,  in  172 1.     Fort  Du- 
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quesne  was  built  in  1754;^  the  commandant  soon  after,  in  writing 
to  Montcalm,  speaks  of  observing  astonishing  wonders  about  three 
miles  above  Fort  Venango,  where  he  witnessed  a  religious  ceremony 
of  the  Senecas.  The  tribe  appeared  very  solemn;  the  great  chief 
recited  the  conquests  and  heroism  of  his  ancestors ;  the  surface  of 
the  stream  was  observed  to  be  covered  with  a  thick  scum,  which  at 
once  burst  into  a  complete  conflagration.  The  oil  had  been  gathered 
and  lighted  with  a  torch.  At  sight  of  the  flames  the  Indians  gave  a 
triumphant  shout.  Lewis  Evans,  a  surveyor  employed  by  the  pro- 
prietary of  Pennsylvania  to  take  geographical  observations  in  1755, 
published  a  map  which  has  "  Petroleum"  marked  thereon,  near  the 
mouth  of  the  present  Oil  Creek,  on  the  Alleghany  River.  David 
Zeisberger,  a  Moravian  missionary,  who  visited  the  country  of  the 
Alleghany  River  in  1767,  speaking  of  the  oil-springs,  says  that  "the 
Indians  would  dip  off"  the  surface-oil,  then  stir  the  well,  and  when  the 
water  has  settled,  611  their  kettles,  and  purify  the  oil  by  boiling."  He 
informs  us  that  it  was  used  by  the  Indians  for  toothache,  headache, 
swellings,  rheumatism,  and  sprains,  was  of  a  brown  color,  and  could 
be  used  in  lamps,  and  that  it  burnt  well.  General  Benjamin  Lincoln, 
in  1783,  mentions  the  oil-springs  on  Oil  Creek,  Pennsylvania,  and  says 
that  the  soldiers  bathed  their  joints  with  it,  and  it  afforded  relief  and 
freed  them  from  rheumatic  complaints ;  also,  that  water  impregnated 
with  it  operated  as  a  gentle  purge.  The  proprietors  of  the  Columbian 
Magazine,  in  1787,  published  a  map  of  Pennsylvania,  on  which  Petro- 
leum was  marked  near  the  confluence  of  Oil  Creek  and  the  Alleghany. 
Since  that  time  there  have  been  frequent  mentions  of  Oil  Creek  and 
the  oil  of  this  vicinity.  Gideon  C.  Forsyth,  in  1808,  first  mentions 
the  occurrence  of  Seneca  oil  in  Ohio,  and  Dr.  S.  P.  Hildreth,  in  1809, 
mentions  its  occurrence  in  the  Muskingum  Valley.  General  Lincoln, 
in  1783,  speaks  of  a  burning  spring  in  Western  Virginia,  near  which 
certain  hunters  had  once  camped,  who,  taking  a  brand  to  light  them 
to  the  spring,  a  few  coals  were  dropped  upon  the  waters,  and  in  a 
moment  the  water  was  in  a  flame,  so  that  they  could  roast  their  meat 
as  well  as  upon  a  hot  fire.  Bituminous  and  burning  springs  were 
also  mentioned  by  Thomas  Jefferson  and  others  as  occurring  on  the 
Great  Kanawha.  In  Kentucky,  near  Scottsville,  in  early  days,  an  oil 
(petroleum)  was  collected  from  springs  and  used  for  lighting  pur- 
poses. The  Pittsburgh  Gazette,  in  1828,  suggested  that  the  city  be 
lighted  with  petroleum. 

On  Oil  Creek,  Pennsylvania,  there  are  found  old  pits  cribbed  in 
with  timber,  in  which  trees  of  several  centuries'  growth  are  found 
growing,  evidence  of  the  ancient  use  of  the  oil.     For  many  years 
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the  entire  supply  of  naphtha  was  obtained  from  the  surface  of  these 
oil-springs,  and  as  late  as  1859  Seneca  oil  was  obtained  in  this  way. 

The  area  over  which  petroleum  has  been  found  in  the  United  States 
extends  parallel  with  the  Appalachians,  from  New  York  to  Tennes- 
see, including  an  area  of  31 15  square  miles,  of  which  only  39^  miles 
have  produced  oil  in  Pennsylvania.  The  best-known  and  most  prolific 
oil-springs  have  been  found  on  Oil  Creek,  Venango  County,  Pennsyl- 
vania ;  and  here,  in  1859,  were  the  first  borings  for  oil.  At  71  feet  the 
first  crevice  was  reached,  and  at  200  feet  the  second  sandstone  was 
passed  through.  In  1 861,  at  400  feet  depth,  the  third  sandstone  was 
passed  through,  yielding  oil.  The  Phillips  well  at  that  time  flowed 
30(X)  barrels  of  oil  per  day,  and  soon  after  the  Empire  had  the  same 
flow.* 

Salt  was  the  precursor  of  the  discovery  of  most  of  the  oil-wells. 
Numerous  wells  were  sunk  on  Oil  Creek  and  vicinity,  and  the  yield 
of  oil  became  very  great.  The  consumption  was  not  equal  to  the 
supply,  and  oil  sold  at  one  time  for  10  cents  per  barrel.  In  1861  it 
sold  at  25  cents  per  barrel.  In  1864  the  production  had  declined  to 
4000  barrels  per  day,  and  the  highest  price  paid  was  $\^  per  barrel.* 
Prof.  J.  P.  Lesley,  of  Philadelphia,  has  (1874)  published  an  oil-map, 
on  which  the  following  named  oil  regions  are  marked :  The  extreme 
northern,  in  Kent,  Bothwell,  and  Lambton  Counties,  Canada.  Next, 
commencing  in  Cattaraugus  County,  New  York,  extending  through 
McKean,  Warren,  Venango,  Butler,  Lawrence,  Alleghany,  Beaver, 
Pennsylvania,  and  terminating  in  Columbiana,  Jefferson,  and  Han- 
cock Counties,  Ohio.  A  little  farther  south,  an  area  includes  portions 
of  Noble  and  Washington  Counties,  Ohio,  with  Wood,  Pleasants,  and 
Ritchie  Counties,  Virginia.  Another  area  includes  portions  of  Perry, 
Athens,  and  Meigs  Counties,  Ohio.  Then,  at  a  long  distance  south- 
west, we  encounter  an  oil  district,  including  portions  of  Allen,  Barren, 
Wayne,  Clinton,  Adair,  Cumberland,  and  Monroe  Counties,  Kentucky, 
and  Overton  County,  Tennessee. 

GEOLOGY  OF  THE  PETROLEUM  OF  THE  UNITED  STATES  AND 

CANADA. 

We  learn  from  the  Canada  Geological  Report  for  1863  that  in 
Canada  hydrocarbonaceous  matters,  probably  derived  from  organic 
remains,  are  found  from  the  base  of  the  Palaeozoic  rocks  up,  and  in 
many  instances  it  assumes  the  form  of  bitumen.  Its  presence  is 
evident  in  the  limestone  and  dolomites  of  the  Quebec  group  and 
Trenton  group,  and  in  most  of  the  Palaeozoic  rocks.     At  Pakenham 
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the  large  orthoceratites  of  the  Trenton  limestone  sometimes  hold 
several  ounces  of  bitumen  in  their  cavities,  and  at   Montmorenci 
petroleum  exudes  in  drops  from  the  corals  of  the  Bird's-eye  lime- 
stone;  but  it   is   more   abundant   in   the   higher  formations.     The 
dolomites  of  the  Niagara  group  in  the  western  basin  are  more  or 
less  bituminous,  and  in  parts  of  Western  New  York  the  limestones 
are  so  bituminous  that  when  heated  the  bitumen  is  seen  to  exude 
from  them.     Those  of  the  Corniferous  are  still  more  bituminous. 
Many  fossils,  chiefly  of  the  genus  Heliophyllnm,  are  surrounded  and 
their  cells  filled  with  bitumen.     In  some  localities  the  bitumen  is 
solid,  and  assumes  the  form  of  asphaltum,  or  mineral  pitch.      Ac- 
cording to  Prof  Hall,  mineral  oil   is  found   in  the  septaria  of  the 
higher  Devonian  beds,  and  also  in  the  overlying  sandstone  of  the 
Portage  and  Chemung  group.     The  oil-wells  of  Pennsylvania  and 
Ohio  are  extended  into  the  sandstones,  but  it  is  even  probable  that 
the  oil   may  originate  in  the  Corniferous  below.      Prof.  Newberry 
thinks  the  oil  of  Ohio  and  Kentucky  is  derived  from  Huron  shales 
(Portage)  at  the  top  of  the  Devonian,  and  that  some  of  the  Penn- 
sylvania oil-wells  derive  their  supply  from  the  same  horizon.     The 
wells  of  Western  Canada,  according  to  the  Canadian  geologists,  issue 
from  the  Corniferous  formation.      At  Enniskillen  the  borings  extend 
2CX)  to  300  feet  in  overlying  Chemung  and  Hamilton  shales,  which 
have  also  40  to  60  feet  of  clay  and  gravel  upon  them.     The  neigh- 
boring country  here  is  generally  level,  and  near  Petrolia  the  overlying 
clay  has  a  nearly  uniform  depth  of  100  feet,  beneath  which  the  borings 
penetrate  an  average  thickness  of  380  feet  of  interstratified  blue  clay, 
dolomite,  shales,  and  marls  of  Hamilton  and  Chemung  to  the  oil- 
producing  stratum.      The  theory  {Canada  Geological  Report,  186 j)  is 
that  the  oil  originates  in  limestones,  and  is  retained  in  a  reservoir 
formed  of  the  overlying  sandstone.      The  petroleum  of  Athabasca 
and  the  Northwest  Territory  occurs  in  Devonian  shales  and  in  large 
quantities.     We  learn  from  the  Pennsylvania  Geological  Report,  ^^y^., 
that  on  Oil  Creek  the  chief  oil-producing  rock  is  a  third  sandrock 
below  the  surface ;  and,  quoting  from  this  report,  "  an  oil-producing 
spot  in  the  Pennsylvania  regions  is  an  area  overlying  from  500  to 
1500  feet,  a  bed  of  porous  conglomerate  from  3  to  75  feet  in  thick- 
ness, the  thickest  part  of  the  rock  giving  the  best  well,  and  this  thick- 
ness is  generally  found  in  the  centre  of  the  area,  the  rock  tapering  to 
the  edges.**     We  also  learn,  from  the  same  report,  that  this  is  the 
third  sandrock,  and  that  it  is  not  always  continuous,  but  that  there 
do  exist  detached  beds  of  lens-shaped  masses  of  third  sandrock.   This 
sandstone  has  been  passed  through  at  its  greatest  known  depth,  at 
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1976  feet,  and  appeared  to  be  a  white  pebble  conglomerate  containing 
some  green  oil.  In  the  same  well  Qonathan  Watson's)  the  next 
highest  sandrock  was  at  1507  feet,  and  was  considered  the  true  third 
sandrock.  Prof.  Lesley  (in  Geological  Report^  ^^74)  says  that  the 
Pennsylvania  oils  are  not  entirely  confined  to  three  oil-sands,  but 
extend  through  at  least  3000  feet  of  measures.  There  are  three 
chief  oil  sandrocks,  all  below  the  Carboniferous  strata.  Some  of  the 
flowing  wells  have  been  penetrated  to  these  lower  sandrocks.  Prof. 
Lesley  also  says  that  the  Canada  oil-bearing  rocks  pass  under  Lake 
Erie,  and  are  far  below  the  Pennsylvania  oil-sands  of  the  Alleghany 
River  country.  The  surface  rocks  of  the  oil-wells  of  West  Virginia 
are  sunk  in  Carboniferous  strata,  but  some  of  the  oil  is  probably  from 
below.  The  black  slates  (Huron)  of  the  upper  Devonian  of  Ohio  and 
Kentucky,  according  to  Dr.  Newberry,  abound  in  hydrocarbonaceous 
matter,  and  are  undoubtedly  the  source  of  the  oil  supply. 

STATISTICS  OF  PETROLEUM. 

In  Canada,  there  are  four  areas  in  which  natural  oil-springs  are 
found,  two  in  Enniskillen,  a  third  in  Mosa  and  Oxford  Townships, 
and  a  fourth  in  Tilsonburgh,  At  the  former,  wells  have  been  sunk 
with  great  success.  Near  to  Oil  Creek,  in  Enniskillen,  the  thickened 
oil  forms  deposits  known  as  gum-beds,  of  viscid,  tarry  consistency, 
and  covering  2  or  3  acres,  of  2  inches  to  2  feet  in  thickness.  At 
Petrolia,  a  bed  of  solid  asphaltum,  2  to  4  inches  thick,  was  found  at 
10  feet  depth  in  the  clay,  and  sometimes  hardened  bitumen  is  found 
in  cavities  of  the  rock.  At  Enniskillen,  the  larger  supply  has  been 
obtained  from  the  deeper  wells,  and  from  some  petroleum  has  risen 
above  the  surface  of  the  earth.  A  well  200  feet  deep  yielded  2000 
barrels  in  24  hours.  Both  oil  and  water  flow  out,  and  in  some  of 
the  deeper  it  is  saline.  The  oil-area  at  Enniskillen  covers  about  4 
square  miles.  The  total  oil-producing  area  of  Petrolia  and  Ennis- 
killen is  II  square  miles.  From  the  Catalogue  of  Canada  Minerals, 
1876,  arranged  for  the  Philadelphia  Exhibition,  we  learn  that  borings 
in  Enniskillen  average  480  feet.  At  first  the  oil  flowed  spontaneously, 
but  now  the  wells  require  pumping.  There  are  at  present  300  wells 
capable  of  producing  petroleum,  but  only  200  in  operation,  with 
between  200  and  300  steam-engines  used  for  pumping  and  boring.  A 
small  proportion  of  the  oil  is  distilled  at  Petrolia,  but  the  greater  part 
is  refined  at  London,  50  miles  east.  At  this  place  are  15  refineries, 
with  a  total  capacity  of  12,000  to  15,000  barrels  per  week. 

The  principal  oil-works  here  are  the  Atlantic  Petroleum  Works, 
with  Waterman  Bros.,  proprietors.      These  gentlemen  had  a  large 


8 


INTERNATIONAL   EXHIBITION,  1876. 


and  handsome  exhibition  in  the  Canada  section,  Main  Building.  The 
following  are  statistics  from  the  above-named  Catalogue  of  the  Canada 
exhibits : 


The  amount  of  oil  shipped  from  Enniskillen  for  the  year  ending  January,  1863  (of  40 

gallons  each) Barrels,    82,814 

Quantity  refined  in  Ontario,  year  ending  30th  June,  187 1 
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269,395 
308,100 

365.052 
168,807 

210,000 


The  greater  portion  has  recently  been  consumed  in  the  Dominion. 

We  quote  the  following  statistics  of  production  of  the  Pennsylvania 
oil  region,  from  the  Geological  Report  of  H.  E.  Wrigley,  for  1874: 
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Total  production,  67,707,094  barrels;  average  price,  ^13.48 ;  total  value 
of  wells,  <I23S,475,I20;  total  amount  exported,  32,490,971  barrels;  total 
value  at  wells  of  crude  oil  exported,  {8113,950,156. 
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Or,  in  round  numbers,  5000  wells,  producing  42,000,000  barrels.  The 
average  life  of  these  wells  is  two  and  one-half  years.  Tables  pub- 
lished in  the  Engineering  and  Mining  Journal  give, — 

Product  of  1875 Barrels,  8,787,506 

1876 "       5»023,35i 


and  on  January  i,  1876,  there  were  3314  producing  wells. 
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OTHER  LOCALITIES  OF  PETROLEUM  AND  BITUMEN. 

We  have  recent  accounts  of  valuable  petroleum-wells  in  California. 
Petroleum  and  bitumen  are  also  found  in  Asia  Minor,  Persia,  and 
Hindostan,  and  some  portions  of  South  America. 

In  New  Zealand,  petroleum  is  obtained  from  Waipawa,  Poverty  Bay, 
Province  of  Auckland,  on  the  West  Coast,  and  Waipu,  on  the  East 
Coast.  It  escapes  through  cracks  in  Trachyte  breccia  at  Sugar- Loaf 
Point,  Tarauaki.  Wells  have  been  bored  several  hundred  feet  deep, 
but  no  steady  supply  obtained.  Oil  from  this  place  was  on  exhibition 
at  Philadelphia,  in  the  New  Zealand  section. 

The  distilled  oil  has  a  specific  gravity  of  0.874  to  O.941.  It  is, 
therefore,  not  adapted  for  kerosene,  which  has  a  specific  gravity  of 
0.810  to  0.820.  The  crude  oil  of  specific  gravity  0.872  of  58°  Fah- 
renheit, yields  when  distilled : 


Fine  lamp-oil  . 

.     1 1.2    percent. 

Specific  gravity     . 

.    .82 

Inferior  oil 

.    37.75       " 

«            « 

• 

.    .858 

Lubricating 

.    25.69       " 

Paraffin 

.     16            " 

Bituminous  residue  , 

.     g.i6      « 

OIL  IN  WESTERN  MISSOURI. 

Bitumen  occurs  in  Western  Missouri  from  Ray  to  Newton  Counties, 
a  distance  of  175  miles  north  and  south,  and  over  a  width  of  25  to  35 
miles,  the  rocks  in  the  southern  half  being  much  saturated  with  it. 
From  Bates  County  southwardly,  and  extending  westwardly  into 
Kansas,  tar-springs  are  frequent.  Although  the  rocks  are  often  quite 
black  with  tar,  and  drops  are  seen  oozing  out  and  pools  of  liquid 
bitumen  are  sometimes  found,  still  the  product  is  not  concentrated 
in  sufficient  quantity  at  any  place  to  pay  for  the  working.  Its  mere 
presence  has  occasioned  the  sinking  of  several  deep  wells  with  no 
profitable  result.  There  exist  no  positive  anticlinals  nor  synclinals  in 
this  district  as  there  are  in  Pennsylvania,  hence  there  is  no  room  for 
large  basins  for  collection  of  oil.  Its  greatest  vertical  extent  in 
Missouri  is  600  feet,  it  averages  about  300,  and  it  lies  chiefly  in  the 
lower  coal  measures,  although  extending  nearly  to  the  top  of  the 
middle  measures.  It  is  also  found  in  the  lower  Carboniferous  lime- 
stones. The  sandstones  very  nearly  resemble  those  on  exhibition  at 
Philadelphia  from  Werwohlen,  Brunswick,  Germany,  An  analysis 
of  free  bitumen  from  Minersville,  Jasper  County,  gives, — 

Bitumen 95 '75  P^r  cent. 

Ash  (i>ale  yellow) 4.25       " 


lO 
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Bitumen,  mixed  with  sand,  from  Barton  County,  Missouri,  gave, — 


Bitumen 
Ash 


44.74  per  cent. 
55.26       •' 


Bituminous  sandstone  from  Southwest  Missouri  may  be  found  with 
the  Missouri  Centennial  collection;  also,  bituminous  limestone  of 
lower  coal  measures. 

OTHER   BITUMINOUS  ROCKS. 

Certain  thinly  laminated  rocks,  ordinarily  termed  bituminous  shales 
or  slates,  occur  in  the  Utica  slate  of  the  lower  Silurian,  as  well  as  the 
Marcellus  and  Genesee  of  the  Devonian  rocks  of  Canada  and  New 
York.  It  is  well  known  that  similar  beds  are  of  frequent  occurrence 
in  our  coal  measures  in  every  State  where  coal  is  found. 

Dr.  T.  Sterry  Hunt  has  appropriately  termed  them  "  pyroschists," 
and  defines  them  to  be  "  argillaceous  rocks  containing,  in  a  state  of 
admixture,  a  brownish  insoluble  and  infusible  hydrocarbonaceous 
matter,  altered  to  lignite  or  coal."  Some  of  these  strata  contain,  in 
the  absence  of  oil-wells,  sufficient  oil  to  distill  for  illuminating  pur- 
poses. According  to  Prof.  Worthen  [Illinois  Geological  Report,  vol.  vi.) 
there  are  13  bituminous  shale-beds  in  the  Illinois  coal-field,  aggre- 
gating 34  feet  in  thickness.  In  Missouri  our  estimate  is  21  beds,  with 
an  aggregate  of  39  feet.  This  in  a  thickness  of  nearly  2000  feet  of 
coal  measures.  A  few  of  these  blend  into  a  cannel  coal, — for  instance, 
certain  beds  in  Johnson  County,  Missouri,  and  the  Breckenridge  coal 
of  Kentucky.  From  the  latter  there  was  formerly  distilled  a  good 
quality  of  illuminating  oil;  in  fact,  it  was  quite  celebrated,  but  the 
discovery  of  the  rich  flowing  wells  of  Pennsylvania  suspended  its 
production.  We  present  the  following  analysis  of  some  of  the  Ken- 
tucky pyroschists  as  determined  by  the  second  Kentucky  Geological 
Survey : 
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Specimens  noted  in  the  above  table  were  on  exhibition  in  the  Ken- 
tucky section,  Mineral  Annex,  at  the  Exhibition.     Most  of  these  are 
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from  the  base  of  the  coal  measures.  No.  i.  is  a  cannel  shale,  which 
bums  freely,  and  is  found  under  a  considerable  area,  and  is  six  feet 
thick  in  Butler  County.  No.  3  is  also  a  cannel  shale,  which  will  form 
a  pulverulent  coke.  No.  4  is  also  a  cannel  shale,  over  three  feet  in 
thickness,  from  Stillwater  Creek.  No.  6  is  from  Wright's,  on  Frozen 
Creek.  No.  7  is  a  carbonaceous  mud.  West  Virginia,  Pennsylvania, 
Ohio,  Indiana,  Illinois,  Missouri,  Iowa,  and  Kansas  abound  in  similar 
bituminous  shales,  but  none  were  on  exhibition. 

The  bituminous  shales  of  CoUingwood,  Ontario,  when  distilled, 
yield  from  3  to  4  per  cent,  of  tarry  oil,  which  when  rectified  affords 
illuminating  and  lubricating  oil.  The  available  shale-bed  is  seven  feet 
thick,  and  its  geological  position  in  the  Utica  slate.  Bituminous 
shales  at  the  Albert  mines,  the  best,  yielded  63  gallons  per  ton  and 
7500  feet  of  gas  per  ton.   They  belong  to  the  Carboniferous  formation. 

NEW    SOUTH  WALES. 

The  kerosene  shale-beds  underlie  a  surface  of  600  square  miles. 
Their  geological  position  is  in  the  upper  coal  measures.*  A  section 
at  Hartley  Vale  Kerosene  Co.'s  mine,  8  miles  east  of  Bowenfels, 
gives,— 

1.  I  foot  6  inches  fire-clay. 

2.  I  inch  clay  band. 

3.  3  inches  black  casing. 

4.  4  inches  "  tops"  or  impure  shale,  yielding  40  gallons  of  crude  oil  per  ton. 

5.  6  to  8  inches  black  shale. 

6.  ^  to  8  inches  band  of  inferior  fuller's  earth. 

7.  3  inches  ferruginous  shale. 

8.  yi,  inch  to  8  inches  wet  pipe-clay. 

9.  3  feet  2  inches  kerosene  shale,  yielding  up  to  80  gallons  refined  oil  per  ton. 

10.  10  inches  "  bottoms,"  yielding  60  gallons  of  crude  oil  per  ton. 

11.  ^  inch  to  I  inch  yellow  band  of  fuller's  earth. 

12.  Bluish  sandstone,  with  impression  of  plants. 

The  Glassopteris  Browniana  is  found  in  the  above  bed  of  kerosene 
shale.  The  kerosene  shale  occurs  in  even  laminae,  is  quite  hard,  and 
breaks  with  a  regular  conchoidal  to  splintery  fracture  with  a  shining 
surface.  It  is  really  a  rich  cannel  shale.  The  Murrurundi  Petroleum 
Oil  Cannel  Co.  work  this  shale  130  miles  northwest  from  Newcastle. 
At  this  place  it  is  14  inches  thick,  resting  on  nearly  8  feet  of  coal  and 
clay.  The  proprietors,  R.  Towns  &  Co.,  of  Sydney,  had  specimens  of 
this  on  exhibition  at  Philadelphia.  The  New  South  Wales  Shale  and 
Oil  Co.,  of  Sydney,  had  on  exhibition  a  block  showing  the  entire 


*  See  Mines  and  Mineral  Statistics  of  New  South  Wales ^  p.  131.    Sydney,  1 875. 
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thickness  of  the  seam.  They  undoubtedly  possess  the  richest  seam 
of  kerosene  shale :  its  greatest  thickness  is  5  feet,  the  middle  3  feet 
being  the  richest.  They  manufacture  kerosene,  lubricating,  and  other 
oils  from  the  mineral.  The  shale  from  the  Hartley  mine  is  shipped 
by  rail  eighty  miles  to  the  works  near  Sydney :  it  is  also  exported  for 
gas-making.  An  important  locality  is  at  the  foot  of  Mount  York. 
Hundreds  of  thousands  of  dollars  are  invested  in  this  industry,  and 
the  oil  is  used  for  illuminating  purposes  and  gas-making,  and  it  is 
exported  to  San  Francisco,  India,  China,  and  other  places,  but  its 
chief  export  is  to  other  Australian  colonies  and  New  Zealand.  There 
is  a  slight  import  duty,  but  the  Kerosene  Co.  have  possession  of  the 
market  and  control  the  trade.  The  shale  yields  18,000  cubic  feet  of 
40-candle  or  160  gallons  of  crude  oil  per  ton  from  a  3  feet  2  inch 
seam.  On  page  56  of  Mines  and  Mineral  Statistics  of  New  South  Wales 
we  find  the  following  table  of  production  of  crude  oil : 

Year.  Tons.  Value. 

1865 570  ;f2,350 

1866 2,770  8,154 

1867 4,079  15,249 

1868 16,952  48,816 

1869 7,500  18,750 

1870 8,580  27,570 

1871 14,700  34*050 

1872 11,040  28,700 

1873 i7»85o  50,475 

1874 12,100  27,300 

Total Tons  96,141  £z(i\^i^ 

At  WoUongong  there  have  also  been  established  extensive  works. 
Some  time  since  specimens  of  shale  from  Megalong  and  Illawarra 
were  sent  to  Prof  Silliman,  who  applied  to  them  the  term  "  Wollongo- 
nite,"  under  the  impression  that  they  came  from  WoUongong.  Oil 
has  been  made  from  this,  but  it  does  not  yield  so  much  oil  as  the 
Hartley  shale. 

ALBERTITE. 

This  remarkable  mineral  very  much  resembles  the  asphalt  of  com- 
merce in  being  black,  brittle,  and  lustrous,  with  a  broad  conchoidal 
fracture ;  but  it  is  less  friable,  and  its  composition  is  also  different, 
and  it  differs  in  fusibility  and  in  its  relation  to  various  solvents.  The 
color  of  its  powder  is  porcelain-black;  lustre  resinous  and  splen- 
dent or  shining;  perfectly  opaque,  very  bitter,  odor  bituminous ;  when 
rubbed  it  is  electric,  burns  and  emits  jets  of  gas  in  the  flame  of  a 
spirit-lamp;  it  does  not  melt  like  asphalt, but  can  be  melted  in  a  close 
tube.     Under  the  microscope  it  presents  no  appearance  of  organic 
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structure,  and  is  free  from  mineral  charcoal  or  impure  coal.  Its 
composition  is, — 

Water .4 

Volatile  combustible  matter 57.2 

Ash  in  coke .27 

It  is  found  in  Kings,  Albert,  and  Westmorland  Counties,  New 
Brunswick,  and  occurs  in  the  lower  Carboniferous  coal  formation  in 
calcareo-bituminous  shales  or  pyroschists,  which  contain  much  bitu- 
minous matter;  also  in  many  fossil  fishes  of  the  genus  Palaeoniscus, 
which  are  remarkably  well  preserved.  [The  above  description  of 
Albertite  we  obtain  chiefly  from  Dr.  Dawson's  admirable  work, 
Acadian  Geology^  These  shales  have  been  much  disturbed  and  con- 
torted, and,  quoting  from  Dr  Dawson,  "  at  the  pit  the  beds  dip  at 
angles  of  50°  and  60°,  and  near  the  bottom  of  the  shaft  consist  of 
calcareous  and  ironstone  bands  and  concretions.  The  Albert  min- 
eral occupies  a  vein  in  these  beds  having  an  irregular  high  dip,  pre- 
serving a  general  course  of  N.  50°  E.  to  N.  65°  E.,  and  at  one  place 
is  as  much  as  17  feet  wide,  thinning  to  I  foot  Twelve  hundred 
feet  northeast  it  bends  suddenly  northwardly,  the  course  bearing 
N.  29°  E.  for  25  feet,  then  returning  to  N.  50°  E."  The  vein  has 
been  worked  to  a  depth  of  1 162  feet,  and  occupies  a  regular  fissure 
formed  by  an  abrupt  anticlinal  or  arching  of  the  shale-beds,  appearing 
to  be  parallel  to  them ;  but  its  age  is  not,  therefore,  contemporaneous, 
for  there  are  no  stigmaria  under-clays  which  might  be  expected  in  a 
stratified  coal-bed. 

The  mineral  must  have  been,  at  some  former  time,  in  a  liquid  state, 
and  subsequently  hardened,  for  a  little  is  occasionally  found  in  the 
spaces  between  the  wall-rocks.  Albertite,  in  small  quantities,  has 
been  found  at  other  localities,  some  of  them  fifty  miles  distant  The 
original  locality  at  Hillsborough  was  discovered  in  1849. 

The  chief  export  has  been  to  the  United  States,  for  making  oil, 
and  partly  for  admixture  with  ordinary  bituminous  coals  in  the  prepa- 
ration of  illuminating  gas.  It  yields  100  gallons  of  crude  oil  to  the 
ton,  or  14,500  feet  of  superior  illuminating  gas.  The  royalty  paid  to 
the  Government  up  to  January  i,  1866,  was  ^8089.29,  and  the  amount 
exported  for  twelve  years,  from  1863  to  1874,  inclusive,  154,800  tons. 
The  yield  from  the  mine  is  now  becoming  less,  and  the  probability  is 
that  it  will  be  exhausted  before  many  years.  Specimens  were  on 
exhibition  in  the  Canada  section  at  the  Exhibition. 
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GRAHAMITE. 

This  is  sometimes  called  Ritchie  mineral,  and  was  discovered  in 
Ritchie  County,  West  Virginia.  It  occurs  under  circumstances  similar 
to  Albertite,  and  very  much  resembles  it,  being  used  for  similar  pur- 
poses. It  occupies  a  vertical  crevice  of  4  to  4^  feet  in  width,  occur- 
ring in  the  Barren  coal  measures  above  the  horizon  of  the  Pittsburgh 
coal.  It  has  been  worked  vertically  for  300  feet,  and  horizontally  for 
3315  feet.  The  direction  of  the  vein  is  12°  N.  of  West.  It  was  un- 
doubtedly first  deposited  in  a  liquid  state,  subsequently  hardening. 
An  analysis,  by  Prof.  Wurtz,*  gives, — 

Specific  gravity I'I45 

Carbon 76.45 

Hydrogen 7.83 

Oxygen 13146 

Ash 2.26 

The  Ritchie  mineral  was  included  in  the  West  Virginia  collection  at 
the  Exhibition. 

MEXICO. 

In  the  eastern  part  of  Mexico,  north  of  Vera  Cruz,  bituminous 
rocks  occur,  and  some  coralline  limestones  are  thoroughly  .saturated 
with  it.  An  asphaltum  is  also  found,  which  Prof.  J.  P.  Kimball  likens 
to  Grahamite. 

PERU. 

At  Caxitamba  is  a  small  pitch  lake,  the  bitumen  from  which  is 
found  useful  in  stopping  leaks  of  boats.  A  mass  of  bitumen,  of  the 
consistency  of  tar,  was  on  exhibition. 

ARGENTINE  REPUBLIC. 

Liquid  bitumen  occurs  here  in  large  quantities,  a  little  of  which 
was  exhibited.     Kerosene  is  made  from  it. 

CUBA. 

There  were  several  fine  exhibits  of  asphaltum  from  this  island  on 
exhibition  in  the  Spanish  section.  The  bitumen  yields  ICX)  to  140 
gallons  of  oil  to  the  ton,  and  when  purified  is  admirably  adapted  to 
lamps.  Daddow  and  Bannan  (in  Coal,  Iron,  and  Oil)  say  that  the 
chapapote,  or  asphalt,  of  Cuba,  is  mined  like  coal,  occurring  in 
fissures  in  the  rocks ;  and  flowing  springs  of  petroleum  are  said  to 
still  exist  in  the  vicinity,  emanating  from  fissures  extending  to  the 


*  American  Journal  of  Science,  Dec.  1873.     \V.  D.  Fontaine. 
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underlying  metamorphic  rocks.    The  rocks  of  the  whole  island  seem 
impregnated  with  bitumen,  and  there  are  numerous  petroleum-springs. 

ISLAND  OF  TRINIDAD. 

The  wonderful  Lake  of  La  Braye,  according  to  Parkinson,  is  i  yi 
miles  in  circuit,  is  hot  at  the  centre,  but  solid  and  cold  towards  the 
shore.  Its  borders,  for  a  breadth  of  three-quarters  of  a  mile,  are 
covered  with  hardened  pitch,  on  which  trees  flourish.  At  Point  La 
Braye,  the  masses  of  pitch  look  like  black  rocks  among  the  foliage, 
or  as  black  vitrified  rocks.  The  lake  is  partly  surrounded  by  man- 
grove swamps,  except  towards  the  sea,  and,  what  is  remarkable,  the 
lake  itself  is  on  higher  ground  than  the  neighboring  swamps.  Its 
outer  margin  is  solid  asphaltum,  but  farther  inwards  the  bitumen,  of 
the  consistency  of  thin  mortar,  is  seen  flowing,  but  in  time  hardens, 
and  this  outward  flowing  gradually  encroaches  on  the  harbor.  The 
outer  walls  can  only  be  cut  with  an  axe,  and  in  appearance  resemble 
an  impure  cannel  coal,  but  are  grayer  in  color.  On  some  parts  of 
the  surface  are  seen  thin  pieces  of  black,  shining  asphaltum.  Accord- 
ing to  Gesner,  the  surface  of  the  lake  is  occupied  by  small  ponds  of 
clear  water,  in  which  are  found  several  kinds  of  beautiful  fish.  This 
remarkable  lake  is  said  to  repose  in  recent  Tertiary  beds, — Miocene, 
and  probably  lower  Pliocene.  The  odor  of  the  mineral  is  apparent 
in  the  atmosphere,  and  it  is  asserted  that  it  can  be  detected  at  eight 
miles  distance.  The  bitumen,  according  to  Gesner,  yields  by  distilla- 
tion a  whole  series  of  hydrocarbon  oils,  and  gives  70  gallons  of  crude 
oil  per  ton  of  2240  pounds.  It  is  much  valued  for  ship-bottoms,  and 
is  reported  to  kill  the  teredo.  Large  masses  of  asphaltum  from  Trin- 
idad were  on  exhibition,  in  the  British  Colonial  section. 

GERMANY. 

A  specimen  of  asphaltic  sandstone  from  Werwohlen,  Brunswick, 
was  exhibited,  together  with  various  compositions  into  which  it 
enters  to  form  a  roofing-material,  for  which  it  is  said  to  be  very  well 
adapted,  as  it  does  not  melt  under  ordinary  sun  exposure.  For  this 
purpose  ^  inch  of  asphalt  is  laid  on  33^  inches  of  cement.  The 
sandstone  containing  the  asphalt  is  said  to  be  of  the  Tertiary  age.  It 
very  closely  resembles  the  bituminous  sandstone  from  the  coal 
measures  of  Southwest  Missouri. 

SPAIN. 

Bituminous  rock  from  Maestu,  and  refined  asphaltum  from  Vitoria, 
were  in  the  Spanish  collection,  but  I  could  obtain  no  data  regarding 
them. 
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SWITZERLAND. 

For  pavements,  the  asphalt  from  Val-de-Travers  has  a  world-wide 
reputation  for  excellence.  It  is  said  not  to  crack  in  cold  weather,  not 
being  affected  by  changes  of  the  weather,  nor  does  it  possess  a  bad 
odor. 

Parkinson,  in  1804,  stated  that  on  the  south  side  of  a  mountain, 
the  northern  declivity  of  which  terminates  in  the  Valley  of  Travers 
between  Travers  and  Couvet,  near  to  Neuenburg,  there  are  two  large 
pits  containing  asphaltum,  which,  in  1758,  had  been  worked  upwards 
of  forty  years.  At  the  same  height  on  the  other  hill-side  it  was  also 
found.  At  Neuchatel,  it  occurs  impregnating  a  limestone  bed  in  the 
Cretaceous  formation,  and  serving  as  a  cement  to  the  rock,  which  is 
used  for  buildings.  The  rock  is  quite  black,  and  strongly  impreg- 
nated with  it  The  Neuchatel  limestone  at  this  time  (1876)  has  been 
worked  for  forty  years,  and  is  extensively  used  throughout  Europe  for 
paving  purposes  and  for  roofing.  The  principal  agency  is  in  London, 
but  the  asphaltum  is  used  in  all  the  chief  European  cities.  In  Lon- 
don, it  is  better  to  use  it  in  a  pure  state.  In  Paris,  it  is  very  much 
used,  but  is  mixed  with  rock.  The  Swiss  Commissioner  at  Philadel- 
phia informed  me  that  he  had  an  acre  paved  with  it  at  Neuchatel,  that 
had  been  in  use  for  fifteen  years  without  repairs.  In  Switzerland, 
the  preparation  for  roofing  is  generally  (i),  flat  tiles  are  laid  in  mortar 
on  an  inclined  roof;  (2)  then  pure  asphalt  is  poured  on  to  the  depth 
of  an  inch ;  (3)  then  clean  gravel  is  placed  on  the  asphalt  as  closely 
as  possible,  causing  it  to  present  the  appearance  of  a  gravel  roof  or 
stone  pavement.  Specimens  of  Val-de-Travers  rock  were  on  exhi- 
bition. 

Asphaltum  is  found  at  other  localities  in  Switzerland. 

OZOCERITE. 

This  hydrocarbon,  and,  in  part,  native  "  paraffin,"  has  a  general 
yellow,  or  yellowish-brown  to  dark  color,  and  is  of  a  waxy  appear- 
ance,— indeed,  it  much  resembles  beeswax,  especially  when  refined, — 
is  soft,  and  easily  pressed  with  the  finger-nail.  Dana  gives  Hofstadter*s 
analysis  of  two  specimens  :* 

A.  Melting-point,  6i<»  C.  .         .     Carbon,  84.94  .        .     Hydrogen,  14.87 

B.  "  "      65**  C.  .        .  "       85.78  .        .  "         14.29 

It  is  soluble  in  ether,  turpentine,  or  naphtha.  The  products  are  a 
wax  or  resin,  both  of  a  delicate  white  and  yellow.    Candles  are  made 


*  Dana's  Mineralogy ,  p.  732. 
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of  it,  but  they  have  an  unpleasant  odor.  It  occurs  in  a  bituminous 
clay,  associated  with  calciferous  beds  in  the  Carpathians;  also  in  sand- 
stone and  shale  of  the  Cretaceous  formation,  from  40  to  160  metres 
from  the  surface.  Ozocerite  was  exhibited  at  Philadelphia  by  Paul 
Dobel,  principal  owner  of  mines  at  Boryslaw,  in  Galicia.  It  is  here 
associated  with  rock-salt,  asphaltum,  and  fibrous  gypsum,  the  latter 
penetrated  by  asphaltum.  The  annual  production  of  Boryslaw  amounts 
to  15,000,000  kilogrammes,  worth  8  to  20  kreutzers  per  kilogramme, 
or  4j4  to  7  pence  per  pound.  It  is  also  found  at  Slanik,  Moldavia, 
Gaming,  in  Austria,  in  Transylvania,  and  at  Upshall,  in  Linlithgow- 
shire ;  also  near  Lake  Baikal. 

COORONGITE ;— ELATERITE  IN   PART,  OF  DANA.    ELASTIC  BITUMEN, 

OR  MINERAL  CAOUTCHOUC. 

A  small  quantity  of  this  rare  and  curious  mineral  was  on  exhibition 
from  South  Australia.  Elaterite  has  been  considered  a  carbo-hydrogen, 
near  Ozocerite,  of  which  Dana  gives  carbon  84.3,  hydrogen  12.5,  the 
loss  probably  wholly  or  in  part  of  oxygen.  Coorongite,  in  a  con- 
densed form,  resembles  crude  india-rubber,  occurring  generally  in 
sheets  varying  in  thickness  from  that  of  coarse  brown  paper  to  an 
inch ;  these  being  evidently  the  result  of  evaporation  on  the  surface. 
It  is  found  along  the  Coorong  coast  of  South  Australia,  for  over  100 
miles  in  length,  and  an  average  breadth  of  20  miles.  The  country  is 
mostly  flat,  with  occasional  swamps  and  some  salt  lakes.  Over  this 
area  it  may  be  collected  in  drops  floating  on  the  water  of  recently 
sunk  wells,  or  in  crevices  of  the  underlying  limestones,  or  in  patches 
of  various  areas  from  very  small  to  several  acres,  of  a  leathery  sub- 
stance, or  else  diflused  through  a  diatomaceous  earth,  forming  a  black 
petroleoid  matter.  Bitumen  is  also  found.  Coorongite  burns  freely, 
with  a  reddish  flame,  melting  like  bitumen,  emitting  but  little  odor. 
It  produces  an  oil,  a  tar,  and  a  white  wax,  or  paraflin,  and  has  been 
made  into  a  brilliant  illuminating  kerosene  oil,  said  to  be  non-explos- 
ive, and  not  inflammable  under  a  temperature  of  150®.  Considerable 
oil  can  also  be  made  from  the  distillation  of  the  soil  of  the  district. 
Elastic  bitumen  has  also  been  found  in  Derbyshire,  accompanied  with 
asphaltum ;  in  a  coal-mine  of  Montrelais,  a  few  leagues  from  Angers, 
France ;  also,  in  a  coal-mine  near  South  Bury,  Massachusetts.  Two 
substances.  Amber  and  Kauri  Gum,  although  very  much  differing 
from  the  above  in  their  uses,  are  yet  hydrocarbons.  I  therefore  briefly 
notice  them. 
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KAURI  GUM. 

(We  possess  no  analysis  of  this,  but  it  is  nearly  related  to  if  not 
equivalent  to  the  Ambrite  of  Dana.) 

The  Dammara  Australis  (or  Dammara  pine)  is  a  coniferous  tree, 
common  in  New  Zealand,  which  also  grows  in  the  Molucca  Isles  and 
Amboyna.  It  is  very  resinous,  and  quite  valuable.  In  New  Zealand 
the  gum  is  found  in  large  quantities  in  a  fossil  state,  occurring  in  the 
Tertiary  formation  (according  to  Dr.  Hector,  the  Provincial  geologist) 
at  depths  of  from  5  to  100  feet  below  the  surface,  and  in  amorphous 
masses,  weighing  from  i  to  350  pounds.  Dr.  Hector  is  confident  that 
this  gum  has  originated  from  the  Dammara  pine.  Its  color  is  grayish- 
yellow,  fracture  conchoidal,  and  of  a  glassy  brightness.  At  ordinary 
temperatures  it  remains  solid,  but  very  warm  weather  causes  it  to 
become  slightly  flexible,  and  when  rubbed  it  gives  out  a  terebinthine 
odor.  It  is  much  valued  for  making  varnish,  being  superior  as  an 
article  for  making  furniture  and  implement  varnish.  It  is  valued 
according  to  color  and  purity.  At  Auckland,  the  clear,  cheap  article 
brings  ^90  per  ton ;  the  dark,  clean  and  scraped,  ^240 ;  and  the  bold, 
bright  selected  ^300  to  $350  per  ton. 

The  export  from  New  Zealand  in  1874  was  2600  tons,  value 
^440;ooo.  It  is  largely  exported  to  various  countries,  a  great  deal 
being  brought  to  the  United  States.  The  gum  and  its  various  pro- 
ducts were  exhibited  at  Philadelphia. 

AMBER,  OR  SUCCINITE. 

This  is  a  vegetable  resin,  altered  by  fossilization,  sometimes  inclosing 
insects,  which  retain  their  perfect  forms  and  appendages.  It  burns 
with  a  yellow  flame,  emitting  an  agreeable  odor,  and  leaves  a  black, 
shining  carbonaceous  residue.  Its  composition  is.  Carbon  78.824,  Hy- 
drogen 10.228,  Oxygen  10.9;  its  hardness  2  —  2.5.  (Dana.)  Amber 
is  harder  than  most  resins,  and  is  susceptible  of  a  good  polish.  It  is 
used  for  necklaces,  mouth-pieces  for  cigars,  and  for  varnish.  It  was 
known  to  the  ancients,  and  called  rfXtxTpov^  electriun,  on  account  of  its 
electrical  susceptibility.  It  was  also  engraved  and  used  by  the  ancients 
for  seals.  It  occurs  abundantly  on  the  Prussian  coast  of  the  Baltic, 
occurring  from  Dantzic  to  Memel.  It  is  also  found  on  the  coast  of 
Denmark  and  Sweden ;  also  in  Galicia,  Poland,  Moravia,  the  Urals, 
Switzerland,  near  Basle,  France,  near  Paris,  near  London,  in  various 
parts  of  Asia,  and  in  the  green  sand  of  New  Jersey.  It  is  chiefly 
obtained  from  Prussia,  and  is  not  very  abundant  in  other  countries. 
That  at  the  Exhibition  was  from  Konigsberg,  and  was  exhibited  by 
Staaten  &  Becker. 
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WROUGHT-IRON  AND  STEEL. 

BY  A.   L.   HOLLEY. 

The  very  large  and  comprehensive  display  of  wrought-iron  and 
steel  at  the  Centennial  Exhibition  completely  illustrated  (i)  the 
present  development  of  the  manufacture,  both  technically  and  terri- 
torially, in  the  United  States  and  in  several  foreign  countries,  notably 
in  Sweden ;  (2)  it  furnished  important  data  for  estimating  the  state  of 
the  art  all  over  the  world ;  (3)  it  brought  into  comparison  the  results 
of  different  methods  of  treatment,  and  of  the  same  methods  of  treat- 
ment as  practiced  in  different  countries ;  (4)  it  contributed,  together 
with  other  sources  of  information  which  were  connected  with  the 
Exhibition,  much  valuable  historical  matter  concerning  the  iron  and 
steel  manufacture ;  and  (5)  it  indicated  the  directions  of  current  and 
probable  improvements. 

It  is  proposed,  in  this  report,  to  review  those  exhibits  which  illus- 
trate the  foregoing  propositions  in  any  important  degree,  both  for  the 
purpose  of  bringing  together  the  data  from  which  conclusions  may 
be  drawn  and  for  the  purpose  of  putting  on  record  the  contributions 
of  individual  scientific  men,  and  of  proprietors  of  works,  to  the  de- 
velopment of  the  manufacture.  It  is  also  proposed  to  briefly  discuss 
these  propositions,  and  to  attempt  a  general  statement  of  the  growth 
and  state  of  the  art,  and  of  the  more  promising  efforts  towards  its 
improvement. 

SWEDEN. 

Among  the  most  conspicuous  of  the  Swedish  exhibits  was  the  Sand- 
vik,  which  comprised  every  kind  of  Bessemer  raw  material,  and  types 
of  every  kind  of  product.  There  were  a  soft  5  5^ -ton  ingot  broken 
cold  and  showing  a  good  fracture;  a  16  inches  by  13  feet  hammer 
bar  with  a  38-inch  piston  forged  on,  and  a  cranked  axle  and  other 
large  forgings,  all  of  which,  being  partly  finished,  showed  perfect  sound- 
ness. There  was  a  tire  which  had  run  nearly  2CX),ooo  miles  under  a 
24-ton  locomotive,  and  was  still  i^^  inch  thick;  there  were  a  number 
of  tires  and  axles  finished  and  then  distorted,  cold,  in  such  a  way  as 
to  prove  remarkable  toughness;  also  a  series  of  bars  containing 
from  0.20  to  1. 10  per  cent,  of  carbon,  bent  and  broken  so  as  to 
illustrate  ductility  as  varied  by  carbon ;  also  many  samples  of  steels 
of  different  tempers  welded  together;  and,  finally,  a  number  of  fine 
cutting-tools,  such  as  razors,  made  direct  from  the  Bessemer  vessel. 
The  Fagersta  Works  exhibited  a  series  of  Bessemer  ingots  and  cor- 
responding blooms  containing  from  0.15  to  i.oo  per  cent,  of  carbon 
in  regular  gradation,  also  locomotive  crank-shafts  and  small  forgings 
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which  were  finished  to  show  perfect  soundness,  and  bent  cold,  back 
and  forth,  to  prove  great  toughness.  There  were  boiler-plates  severely- 
tested  by  flanging  and  otherwise,  also  gun-barrels  in  various  stages 
of  manufacture  and  after  excessive  tests ;  there  were  analyzed  test 
ingots  and  slags  taken  at  various  stages  of  the  Bessemer  operation, 
and  a  comprehensive  series  of  bars  mechanically  tested  by  Kirkaldy. 
The  Motala  Works  exhibited  a  complete  assortment  of  Bessemer  and 
Martin  steel,  and  wrought-iron  materials  and  products ;  there  were 
many  fractures  of  blooms  and  bars,  also  fractures  of  Bessemer  and 
Martin  ingots,  which  varied  by  tenths  per  cent  in  carbon  from  o.io 
to  1. 00  per  cent.  There  were  axles  and  tires  distorted  cold,  plates 
flanged  to  difiicult  shapes  and  bent  fourfold  cold,  a  6-ton  Martin  steel 
crank-axle,  and  an  8-ton  steel  armor-plate.  The  Swedish  Iron- 
Masters'  Association  displayed,  under  the  charge  of  Prof.  Akerman, 
a  remarkably  complete  series  of  the  iron  materials  of  the  country, 
and  their  characteristic  products,  which  it  would  be  impracticable  to 
enumerate  in  this  paper;  the  most  striking  were  excellent  chilled 
car-wheels,  projectiles,  and  railway-crossings,  and  Bessemer  wire 
ropes,  car-springs,  and  hand-tools.  All  this  was  supplemented  by  a 
grand  geological  map,  small  topographical  maps,  and  drawings  of 
plant.  We  thus  have  a  complete  picture  of  Swedish  iron  and  steel 
manufactures,  their  extent, the  qualities  of  materials,  the  excellence  of 
products  as  proved  by  chemical  and  mechanical  tests,  and  the  high 
state  of  the  art  as  illustrated  by  the  scientific  character  of  the  tests 
and  of  the  arrangement,  and  by  the  great  range  of  products. 

NORWAY. 

The  exhibit  of  Norway  was  chiefly  that  of  the  Catherineholm 
Works,  which  consisted  principally  of  wrought-iron  bars,  of  various 
sizes,  knotted  cold  in  a  very  elaborate  and  surprising  manner,  to  form 
the  rigging  of  an  ancient  ship.  There  were  also  wrought-iron  plates 
and  spikes,  and  some  cast-iron  projectiles ;  also  pig-iron  and  blooms. 
The  exhibit  illustrated  a  high  degree  of  quality  by  old  processes,  but 
no  new  processes  nor  products. 

GERMANY. 

The  display  of  Germany,  next  to  that  of  Sweden,  was  the  most 
complete  and  instructive  of  all  the  foreign  exhibits,  the  contribution  of 
Krupp  being  the  most  conspicuous.  This  included  a  complete  assort- 
ment of  materials  for  all  kinds  of  iron  and  steel,  and  specimens  of  all 
the  ordinary  forms  of  products,  such  as  rolled  bars  of  every  grade, 
tires,  axles,  and  steel  castings ;  also  some  extraordinary  products,  such 
as  elaborate  Haswell  press  forgings,  flanged  plate-steel  gun-carriage 
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trails,  very  large  and  well-rolled  steel  and  iron  boiler-plates,  a  13  J^- 
ton  3-throw  steel  crank-shaft  forged  from  a  56-inch  30-ton  ingot,  and, 
most  remarkable  of  all,  a  16-inch  jacketed,  breech-loading,  rifled,  steel 
gun,  26j^  feet  long  and  weighing  56^  tons.  This  gun  was  mounted 
on  an  elaborate  sea-coa^  carriage,  built  of  iron  and  steel ;  and  there 
were  other  pieces  of  ordnance  and  large  forgings.  Excepting  the  nu- 
merous fractures  of  bars,  and  the  soundness  of  the  forgings,  there  was 
not  as  great  an  attempt  as  by  Swedish  exhibitors  to  prove  the  quality 
of  the  products.  The  Lower  Rhine  district  was  further  represented 
by  the  joint  display  of  ores,  pig,  iron  bars,  plates,  sheets,  and  other 
well-made  products,  by  five  large  establishments.  The  Upper  Silesian 
exhibit  was  by  A.  Borsig;  it  was  comprehensive,  but  remarkable 
chiefly  for  large  plates,  extremely  good  steel  forgings  for  locomotives, 
etc.,  and  Haswell  press  forgings  in  great  variety,  many  of  which  would 
have  been  deemed  complex  if  they  had^  been  castings.  The  district 
of  Saarbriicken  and  Lorraine  contributed  groups  of  ores,  coals,  cokes, 
and  pigs,  and  sections  of  many  rolled  shapes,  the  prominent  feature 
being  a  collection  of  well-rolled  iron  beams,  of  various  patterns,  run- 
ning in  length  to  48  feet,  and  in  height  to  19^  inches.  The  Sieger- 
land  was  represented  by  a  very  well  arranged  and  extensive  joint 
exhibit  of  iron  ores  and  of  spiegeleisen.  Thus  the  German  exhibit, 
although  not  completely  illustrating  the  extent  of  the  manufacture  in 
that  country,  was  on  the  whole  characteristic;  it  proved  that  the 
range  of  iron  and  steel  products  is  extensive  in  the  largest  degree,  and 
that  the  art  of  producing  and  working  heavy  homogeneous  masses  is 
of  the  highest  order. 

RUSSIA. 

The  Russian  exhibits  were  chiefly  materials  for  wrought-iron  and 
Bessemer  and  Martin  steels,  and  their  products  in  numerous  shapes, 
as  made  at  the  Pooteeloff"  Works,  and  by  Paul  Demidoff".  There  were 
rails,  tires,  plates,  and  axles,  some  of  which  were  bent  and  twisted 
cold  to  show  quality.  The  Imperial  Works  of  Kama  exhibited  large 
and  difficult  rolled  shapes,  and  some  finished  trunnion  rings  and 
breech  parts,  of  good  quality,  for  large  guns.  The  Russian  display 
thus  gave  a  very  fair  idea  of  the  state  of  the  manufacture  in  that  coun- 
try;  it  indicated  large  facilities,  and  that  a  considerable  range  of  pro- 
duction is  already  well  established. 

BELGIUM. 

The  Belgian  iron  and  steel  display  was  contributed  by  a  number  of 
manufacturers.  The  most  noteworthy  specimens  were  plates  and  bars 
from  the  Charleroi  Works,  puddled  from  the  very  ordinary  pigs  of 
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the  region,  and  thoroughly  proved  by  fracture  and  distortion  to  be 
of  superior  quality  ;  the  puddling  was  done  with  kryolite,  in  a  Pernot 
revolving-hearth  furnace.  The  Rigissa  Works'  sheets  of  iron  and  of 
Bessemer  steel  were  beautifully  rolled,  and  their  quality  was  shown 
by  the  vessels  stamped  from  them.  The  A^gleur  Works*  Bessemer 
rails,  axles,  and  tires  were  well  finished,  but  were  not  tested.  The 
Providence  Iron  Company  displayed  ordinary  sections  of  iron  beams, 
and  it  proposed  to  deliver  such  beams  in  New  York  at  $40,  "f  o.  b.," 
which  was  then  extremely  cheap.  The  same  company  showed  a 
wrought-iron  railway  wheel,  with  a  tread  to  receive  the  tire  rolled 
on.  Valere  Mabile  exhibited  some  very  beautiful  drop  forgings,  and 
some  complex  and  heavy  forgings  for  the  Chaudron  shaft-sinking 
apparatus.  The  Belgian  display  covered  a  large  and  characteristic 
range  of  products,  although  it  failed  to  include  any  from  the  John 
Cockerill  Works;  this  is,  probably,  the  third  largest  iron-works  in 
the  world,  considering  the  value  of  its  output,  which  includes  steam- 
engines  and  finished  machines.  The  display,  however,  illustrated 
Belgium's  facilities  for  making  cheap  products  of  the  more  ordinary 
kinds  and  sizes. 

FRANCE. 

The  French  exhibits  were  confined  chiefly  to  wrought-iron  railway 
wheels  and  ferro-manganese.  The  wheels  shown  by  Lucien  Arbel 
were  stamped  in  dies  out  of  piles  resembling  finished  wheels ;  those 
shown  by  Brunnon  Fr^res  were  made  from  similar  piles  by  hydraulic 
pressure.  The  excellence,  including  cheapness  as  well  as  quality,  of 
this  manufacture,  was  fairly  shown  by  the  Centennial  Exhibition,  to 
be  peculiar  to  France,  just  as  the  Haswell  press  forgings  from  solid 
steel  were  shown  to  be  peculiarly  German.  The  ferro-manganese 
exhibit  came  very  appropriately  from  the  Terrenoire  Company,  who 
have  done  more  than  all  other  companies  combined  to  cheapen  and 
improve  this  valuable  steel-making  compound  ;  they  have  scientifically 
pressed  the  manufacture  through  the  cupola  and  the  reverberatory, 
and  have  finally  enlarged  and  cheapened  it  in  the  blast-furnace. 
The  exhibit,  though  small,  showed  products  ranging  from  30  per 
cent,  to  75  per  cent,  of  manganese.  There  was  also  a  creditable 
ferro-manganese  exhibit  from  the  "  Works  of  the  Blast-Furnaces  of 
Marseilles."  France,  however,  to  a  greater  extent  than  any  other 
country,  was  unrepresented  in  the  range,  the  quality,  and  the  extent 
of  her  iron  and  steel  manufactures.  The  armor-plates,  the  heavy 
rolled  sections,  and  the  fine  forgings  of  the  Petin-Gaudet  Works,  the 
remarkable  steel  castings,  the  "  phosphorus"  steel  rails,  and  the  fine 
ship  steel  of  Terrenoire ;  the  enormous  steel  forgings  and  the  almost 
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innumerable  rolled  and  hammered  iron  and  steel  shapes  of  Creusot, 
— the  second  largest  works  of  the  kind  in  the  world, — all  these  were 
conspicuous  only  by  their  absence.  In  reviewing  the  state  of  the  art, 
these  products  must  of  course  be  considered. 

GREAT  BRITAIN. 

Great  Britain  was  nearly  as  incompletely  represented  as  France  in 
the  range  of  her  products,  although  her  capacity  for  manufacturing 
every  variety  of  grade  and  shape  required  in  the  arts  was  obvious  to 
the  expert,  from  an  inspection  of  her  limited  display.  The  armor- 
plates,  from  the  two  most  celebrated  makers,  Sir  John  Brown  &  Co. 
and  Cammell  &  Co.,  proved  the  possession  of  the  very  best  ^ill  and 
mechanical  appliances.  Of  the  first-named  make  there  were  a  14-inch 
plate,  planed  across  to  show  perfect  welding ;  an  8-inch  plate,  which 
had  received  nine  68-pound  spherical  shot  at  3ofeet  range;  and  a 
9-inch  plate,  which  had  received  four  7-inch,  pointed,  chilled  shot  at 
30-feet  range.  There  were  no  cracks  in  the  plates  outside  of  the  area 
of  impact,  and  no  cracks  in  the  rear,  showing  great  toughness  and 
homogeneity.  Two  of  Cammell's  plates,  11 -inch  and  8-inch  respect- 
ively, showed  equally  good  results  under  proportionally  severe  firing 
tests ;  and  in  a  22-inch  plate,  planed  across,  the  lines  of  welding  were 
not  distinguishable.  But  one  Bessemer  steel  works,  the  West  Cum- 
berland, made  an  exhibit ;  this,  however,  was  a  fair  example  of  the 
good  quality  and  l.arge  range  of  steels  producible  from  native  mate- 
rials. There  were  plates  severely  tested  by  dynamite  and  by  cold- 
bending,  and  rails  and  miscellaneous  bars  distorted  hot  and  cold. 
There  were  also  characteristic  samples  of  the  excellent  red  haematite 
ore  and  coke  employed  in  the  manufacture.  Only  one  open-hearth 
or  Siemens-Martin  Works  exhibited,  but  this  one — the  Landore 
Works — is  conspicuously  associated  with  Dr.  Siemens*  pig-and-ore 
process,  and  with  his  management,  and  with  his  successful  experi- 
ments in  making  plates  of  \&cy  high  quality  for  the  Admiralty.  The 
Landore  exhibit  was  only  a  case  of  small  samples,  but  the  character 
of  the  tests  and  their  obvious  fairness  were  conspicuous  proofs  of  the 
toughness,  homogeneity,  and  uniformity  of  what,  as  now  largely  and 
cheaply  produced,  is  a  new  article  of  commerce  and  manufacture,  and 
is  more  properly  called  "  ingot  iron"  than  "  steel."  The  only  crucible 
steel  exhibits  of  products  larger  than  wire  were  from  an  eminent 
house, — that  of  William  Jessop  &  Sons.  Among  them  were  a  sheet 
of  No.  14  gauge,  96  inches  long  and  24  inches  wide ;  a  disk  of  No.  3 
gauge,  88 J^  inches  in  diameter;  and  a  sheet  for  band-saws,  223  feet 
4  inches  in  length.     The  notable  coils  of  steel  wire  were  one  of  No. 
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12  gauge,  weighing  ill  pounds,  the  breaking  strain  being  1500 
pounds.  This  was  from  W.  D.  Houghton,  of  Warrington.  William 
Smith  &  Son,  of  the  same  place,  had  a  coil  -^  inch  in  diameter, 
2260  yards  long,  weighing  i8i^  pounds,  and  capable  of  standing  a 
strain  of  1580  pounds.  Among  the  tin  plates  of  large  size  and  fine 
quality  were  those  of  Hatton  &  Sons,  Henry  Nash  &  Co.,  and  E. 
Morwood  &  Sons.  Thus  the  exhibit  of  Great  Britain,  while  showings 
high  quality,  both  of  product  and  of  skill,  and  in  a  certain  degree  high 
quality  of  machinery,  in  certain  diver.se  manufactures  from  wire  to 
armor-plates,  nevertheless  did  not  furnish  material  for  estimating  the 
quality  of  manufacture  and  of  material  in  a  very  great  range  of  prod- 
ucts fo^  which  Great  Britain  is  celebrated.  These  unrepresented 
products  are  chiefly  heavy  forgings  of  iron  and  steel  for  guns,  and  for 
parts  of  marine  and  other  engines ;  also  large  rolled  beams,  shapes, 
and  plates,  and  steel  castings  of  great  size,  besides  the  ordinary  struc- 
tural forms  of  every  variety  and  quality. 

The  iron  exhibits  of  Canada  were  respectable,  but  they  were  more 
notable  as  a  show  of  materials  than  as  an  illustration  of  development 
in  manufacture.  The  same  may  be  said  regarding  several  other 
countries.  For  instance,  the  iron  ores  of  Spain,  especially  those 
which  are  combined  with  manganese  oxides,  are  remarkable  for  their 
purity  and  value,  and  for  their  large  quantity  and  distribution.  But 
as  in  Spain,  and  in  other  countries  not  above  mentioned  which  ex- 
hibited fine  iron  ores,  the  wrought-iron  and  steel  manufactures  are 
not  so  far  developed  as  to  materially  affect  the  questions  under  con- 
sideration, these  countries  will  not  be  further  referred  to  in  this  report. 

UNITED  STATES. 

BESSEMER  STEEL. 

As  the  principal  product  of  American  Bessemer  works  is  rails,  so 
the  bulk  of  their  exhibit  was  rails  of  many  patterns,  cold-twisted 
and  cold-bent  in  every  variety  of  distortion,  to  show  the  toughness 
of  the  material.  Several  Bessemer  works  made  large,  costly,  and  in- 
structive displays,  as  follows.  The  iron  rails  of  some  of  these  works 
will  be  incidentally  referred  to. 

Albany  and  Renssalaer  Iron  and  Steel  Works,  Troy,  N.  Y, 

As  an  exhibit,  this  was  imposing  as  well  as  complete.  Rolled 
bars  of  all  the  ordinary  rail  and  merchant  shapes  and  sizes,  and  many 
unusual  shapes,  in  iron  and  steel,  from  30  feet  long  to  mere  "  sec- 
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tions/*  also  nails,  spikes,  horse-shoes,  bolts,  nuts,  and  miscellaneous 
small  products,  were  grouped  in  clustered  pillars  and  in  graceful 
shields  and  festoons  upon  a  high  and  elaborate  screen.  There  were 
distorted  iron  and  steel  axles,  small  forgings  fractured  and  bent,  or 
polished,  to  show  quality,  welded  steel  bars,  sections  of  rails  at  each 
stage  of  progress  through  the  rolls,  and  numerous  other  illustrations 
of  large  range,  high  quality,  and  good  machinery  and  processes. 
An  additional  exhibit  in  the  United  States  Government  Building  was 
a  noble  column  consisting  of  a  4-rail,  rolled  steel  bloom,  weighing 
over  a  ton,  surrounded  with  a  cluster  of  polished  rails,  axles,  and 
bars,  upon  a  base  ornamented  with  sections  and  smaller  products. 
The  principal  tests  of  quality  were  fractures,  polished  sections,  cold- 
bends,  and  hot-punched  and  welded  specimens  of  small  special  steel 
bars  of  high  quality,  made  with  ferro- manganese,  from  the  best  and 
very  pure  ores  of  the  Lake  Champlain  region.  This  material,  as  far 
as  its  quality  was  disclosed,  seemed  equal  to  Swedish  Bessemer  steel 
of  similar  grade. 

Cambria  Iron  Co.,  yohmtown.  Pa. 

This  company  made  two  exhibits ;  that  of  raw  materials,  one  of  the 
most  complete  shown,  cannot  properly  be  further  referred  to  in  this 
paper ;  that  of  iron  and  steel  rails,  which  is  the  company's  product, 
although  not  of  a  character  which  allows  much  variety  of  display,  was 
nevertheless  grand  and  effective.  It  was  a  massive  arch,  built  from 
a  great  number  of  rails  of  60  different  patterns,  and  from  iron  and 
steel  in  the  early  and  intermediate  stages  of  manufacture.  There 
were  also  a  variety  of  tested  bars,  a  complete  series  of  analyses  of 
materials  and  products,  and  a  most  interesting  record  of  the  excellent 
endurance  of  iron  rails  especially,  for  a  period  of  years.  The  exhibit 
afforded  every  facility  for  ascertaining  the  causes  of  the  qualities 
shown,  and  it  indicated  the  possession  by  the  company  of  a  large  and 
good  organization,  and  of  first-rate  machinery  and  processes. 

The  Cleveland  Rolling-Mill  Co.,  Clezfeland,  0, 

This  company's  products,  both  in  iron  and  steel,  are  so  numerous 
that  their  display  was  large,  interesting,  and  instructive.  There  were 
specimens  of  Bessemer  and  Martin  steel  arid  iron  rails,  plates,  sheets, 
bars,  wire,  and  miscellaneous  shapes  and  products  in  great  variety 
and  of  good  workmanship.  Quality  was  also  proved  by  fractures 
and  cold-bends,  and  a  steel  rail  was  shown,  by  the  side  of  which  34 
iron  rails  had  been  worn  out.  The  steel  wire  display  was  excellent 
as  a  display  and  as  an  illustration  of  good  quality  and  superior  work- 
manship. 


26  INTERNATIONAL   EXHIBITION,  1876, 

The  Edgar  Thomson  Steel  Co.,  Pittsburgh,  Pa, 

This  company  produce  only  steel  rails  and  steel  blooms  and  billets, 
— products  which  do  not  admit  of  much  display, — yet  the  exhibit  was 
in  many  respects  the  most  remarkable  of  all.  It  contained  a  steel 
rail  of  62  pounds  per  yard,  120  feet  long,  and  several  rails  of  lighter 
and  heavier  patterns,  from  56  to  98  feet  long.  This  is  proof  of  excel- 
lent machinery  and  technical  organization.  There  were  also  shown 
a  sound  4-rail  ingot,  a  rolled  4-rail  bloom,  and  various  sound  locomo- 
tive forgings  made  from  this  company's  steel,  which  were  tested  by 
cold-bending.  Analyses  of  materials  and  products  were  furnished. 
The  finish,  and  especially  the  hot-straightening  of  the  rails,   were 

notable. 

The  Pennsylvania  Steel  Co.,  Harrisburg,  Pa, 

This   exhibit,  besides   containing   rails,  blooms,  and   billets,  was 

peculiar  in  containing  a  Bessemer  ingot  of  6200  pounds  weight,  and 

some  rather  large  and  very  well  made  forgings  from  similar  ingots, 

showing  a  creditable  progress  in  this  important  line  of  manufacture. 

The  Lackawanna  Iron  and  Coal  Co.,  Scranton,  Pa, 
This  company  made  a  small  but  very  good  exhibit  of  samples  of 
materials  with  analyses,  and  samples  of  crude  bars  and  of  finished 
and  tested  iron  and  steel  rails  and  merchant  bars.  The  quality  of  the 
Bessemer  pig  and  of  the  best  bars  was  remarkable.  The  exhibit  also 
contained  a  70-pound  steel' rail  84  feet  8  inches  long,  and  various 
iron  and  steel  rails  distorted  without  fracture,  all  of  which  indicated 
good  facilities  of  every  kind  for  the  manufacture. 

The  Bethlehem  Iron  Co.,  Betlilehem,  Pa, 

A  very  sound  fractured  ingot,  and  a  few  samples  of  bars  and  pigs, 
as  a  part  of  the  Lehigh  Valley  exhibit.  The  leading  character  of 
this  establishment,  however,  in  respect  of  its  size,  the  excellence  of  its 
steel  and  iron  rails,  and  its  technical  management,  will  warrant  a 
reference  to  its  status  and  practice,  in  coming  to  our  conclusions, 
especially  as  the  plant  was  fully  illustrated  by  drawings  in  the  gal- 
lery of  the  American  Society  of  Civil  Engineers,  and  as  the  works 
themselves  were  an  important  feature  of  the  Centennial  Exhibition, 
to  many  foreigners  and  citizens. 

The  North  Chicago  Rolling-Mill  Co.'s  Works,  Chicago,  III, 

These  were  fully  illustrated  by  drawings,  as  were  also  the  works  of 
the  Cambria  Iron  Company,  and  those  of  the  Edgar  Thomson  Steel 
Company,  before  referred  to. 
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IRON  RAIL,  BEAM,  AND  BAR  EXHIBITS. 

Exhibits  of  various  Bessemer  steel  establishments  have  already 
been  mentioned.  The  Cambria  iron  rails  were  proved  by  official 
records  to  possess  unusual  durability;  this  was  chiefly  due  to  the 
excellent  welding  quality  of  the  iron,  and  to  the  peculiar  piling  and 
heating  which  this  iron  requires. 

The  Philadelphia  &  Reading  Railroad  Co. 

Crude  materials,  piles  and  iron  rails  illustrative  of  the  process  of 
manufacture  at  their  rolling-mills  at  Reading,  Pennsylvania;  also,  steel 
rails  rolled  at  these  mills  from  ingots  made  at  the  Midvale  Steel 
Works ;  also,  drawings  of  their  plant.  The  iron-rail  process,  by 
which  the  head  is  largely  reworked,  and  the  whole  pile  is  reheated 
after  half  the  passes  are  made,  and  then  finished  in  a  2-high  train, 
was  fully  described  by  Mr.  Coxe,  superintendent  of  these  mills,  in  a 
paper  before  the  American  Institute  of  Mining  Engineers,  in  June, 
1876,  and  cannot  be  discussed  here.  This  process  should,  however, 
be  prominent  among  the  data  from  which  conclusions  about  the  iron- 
rail  manufacture  are  to  be  drawn,  as  the  reheating  especially  has  been 
largely  copied  by  other  works  with  advantage. 

The  Phcenix  Iron  Co.,  Phcenixville,  Pa. 

This  exhibit  consisted  chiefly  of  sections  of  the  "  Phcenix"  wrought- 
iron  columns  (a  well-known  improvement  in  construction),  and  of 
structures  in  and  about  the  Exhibition  buildings,  formed  of  these 
light  and  strong  columns,  and  of  other  forms  rolled  at  these  works ; 
also,  drawings  of  the  new,  extensive,  and  highly-improved  plant  in 
course  of  erection. 

The  Union  Iron  Co.,  Buffalo,  N.  Y, 

A  very  excellent  exhibit  of  heavy  rolled  iron,  among  which  were 
a  15-inch  beam,  52  feet  long,  weighing  3467  pounds  ;  a  1 5-inch  beam, 
46  feet  long ;  a  9-inch  beam,  80  feet  long ;  a  6  by  6-inch  angle,  56  feet 
long,  weighing  1040  pounds;  a  plate,  24  feet  10  inches  long  by  66^ 
inches  wide  by  ^  inch  thick ;  besides  many  other  forms  and  illustra- 
tions of  piling  and  rolling.  Quality  of  material  and  of  welding  was 
shown  by  planing  the  web  of  a  heavy  beam  partly  in  two,  longitu- 
dinally, and  cold-bending  the  top  and  bottom  flanges  apart  without 
fracture.  This  exhibit  proved  that  the  plant  is  adapted  to  large  work 
of  great  variety,  and  that  the  manufacture  is  well  in  hand. 
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Cooper,  Hewitt,  &  Co.,  Trenton^  N,  % 

A  comprehensive  and  highly-instructive  exhibit  of  raw  materials 
and  pig-iron,  and  of  wrought-iron  rails,  beams,  shapes,  bars,  rods, 
chains,  etc. ;  also,  open-hearth  steel  products,  systematically  arranged 
to  illustrate  the  stages  of  manufacture  and  tested  to  prove  quality. 
The  capacity  of  the  works  to  produce  heavy  and  light  rolled  shapes 
to  advantage  was  obvious  from  the  exhibit.  The  most  remarkable 
product  shown  was  gun-screw  iron,  as  used  by  the  manufacturers  of 
arms.  This  material  is  made  and  welded  with  such  great  care  that  it 
is  nearly  homogeneous.  A  specimen,  ^  inch  in  diameter,  suffered 
elongation  to  2.2  times  its  original  length  before  fracture. 

The  Union  Rolling-Mills,  Pittsburgh,  Pa. 

Some  fine  specimens  of  large  rolled  shapes,  and  a  novel  and  good 
wrought-iron  column. 

Messrs.  Jones  &  Laughlins,  Pittsburgh,  Pa. 

This  firm  are  well  known  in  connection  with  their  cold-rolled  shaft- 
ing and  bars,  and  their  exhibit  proved  that  they  had  raised  this  dif- 
ficult and  peculiar  manufacture  to  a  high  degree  of  perfection.  The 
excellence  of  their  roll-turning  and  straightening  apparatus  was  illus- 
trated by  bars  which  make  true-running  shafting  and  piston-rods 
without  turning ;  the  increased  strength  and  wearing  qualities  of  the 
metal  were  amply  shown. 

The  exhibitors  of  well-rolled  bar-iron,  of  good  quality,  were  too 
numerous  to  be  even  mentioned  in  this  paper ;  the  respective  merits 
of  their  products  are  stated  in  the  Reports  on  Awards.  It  would 
hardly  be  proper,  however,  in  this  connection,  to  omit  the  names  of 
Messrs.  H.  Burden  &  Sons,  Cartwright,  McCurdy,  &  Co.,  The 
Catasauqua  Iron  Co.,  and  The  Pottstown  Iron  Co. 

IRON  PLATES. 

Plates  shown  by  the  Cleveland  Rolling  Mill  Company,  and  of  the 
Union  Iron  Company,  of  Buffalo,  have  already  been  referred  to. 

Phillips,  Nimick,  &  Co.,  Pittsburgh,  Pa. 
Brown  &  Co.,  Pittsburgh,  Pa. 

Independent,  although  somewhat  similar  exhibits,  that  were  very 
remarkable,  both  as  elaborate,  instructive,  and  splendid  exhibits,  and 
as  complete  proofs  of  extraordinary  quality.     Among  the  celebrated 
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"Sligo"  brand  plates  of  Phillips,  Nimick,  &  Co.,  were  a  disk  106 
inches  in  diameter,  having  64,ocx)  pounds  tensile  strength  per  square 
inch ;  a  welded  pipe  expansion-joint,  4^  feet  in  diameter ;  also,  vari- 
ous specimens  of  the  most  difficult  flanging.  A  Sligo  bar,  9  by  4^ 
inches  in  section,  was  bent  cold  to  4^  inches  internal  radius  without 
cracking,  and  the  elaborate  tests  to  prove  the  absence  of  red-shortness 
were  too  complex  for  description  here.  All  the  polished  slabs  and 
large  sections  were  free  from  flaws  and  specks.  The  also  celebrated 
"  U.  S."  brand  plates  of  Messrs.  Brown  &  Co.  were  even  more  sur- 
prisingly flanged  without  fracture,  and  the  toughness  of  the  same  iron 
was  most  severely  tested  in  various  ways;  some  3^-inch  rods,  having 
square  and  V-threads,  with  ^-inch  pitch  cut  upon  them,  were  bent 
cold  to  8-inch  inside  diameter,  without  exhibiting  a  tendency  to  frac- 
ture. A  principal  cause  of  the  superiority  and  uniformity  of  these 
two  brands  of  iron  is,  that  the  makers  own  the  raw  materials  and 
control  the  processes  from  the  beginning. 

John  Roach  &  Sons,  Chester,  Pa. 

A  boiler  head-sheet,  106  inches  in  diameter,  }>^  inch  thick,  and 
weighing  1045  pounds.  It  had  four  24-inch  flanged  openings.  There 
were  some  other  large  plates,  and  some  creditable  specimens  of  plate 
welding. 

IRON  SHEETS. 

W.  D.  Wood  &  Co.,  Conshohocken,  Pa. 

This  large  and  elaborate  display  of  iron  sheets  was  remarkable  for 
highly-glazed  surface  and  good  quality,  and  for  its  equality  in  all 
obvious  respects  to  Russia  sheet-iron. 

Alan  Wood  &  Co.,  Conshohocken,  Pa. 

An  equally  fine  display,  which  was  also  conspicuous  for  the  smooth- 
ness and  accuracy  of  the  rolling,  and  the  toughness  of  the  metal,  as 
amply  illustrated. 

MooRHEAD  &  Co.,  Pittsburgh,  Pa. 

Beautifully-finished  sheets  adapted  to  a  great  variety  of  uses ;  the 
tests  of  these  for  stamping  into  hollow-ware  were  complete ;  there 
were  some  large  sheets  also,  one.  No.  24,  44  by  120  inches,  galvan- 
ized; another,  No.  24,  48  by  120  inches. 

It  would  be  impossible  to  refer  in  this  paper  to  all  the  exhibitors 
of  galvanized  iron  sheets  and  other  articles.     The  names,  however, 
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of  Messrs.  McCullough  &  Co.,  and  of  Messrs.  Marshall  Bros.  & 
Co.,  of  Philadelphia,  Pa.,  who  made  excellent  exhibits,  cannot  be  fairly 
omitted  in  this  connection.  The  quality  generally  appeared  to  be  up 
to  the  highest  state  of  the  art.  N.  &  G.  Taylor  &  Co.,  Philadelphia, 
Pa.,  had  a  fine  exhibit  of  tin  plates. 

IRON  FORCINGS. 

The  only  large  forgings  of  American  manufacture  were  by  Messrs. 
John  Roach  &  Son,  of  Chester,  Pa. ;  there  was  a  paddle-wheel  shaft 
36  feet  long  by  22  inches  in  largest  diameter,  weighing  53,225  pounds. 
There  was  also  a  forged  armor-plate  12^  inches  thick  by  3  feet  8 
inches  wide  by  10  feet  long.  It  was  planed  on  the  edges  to  show 
good  welding.  The  appearance  of  these  forgings  was  very  creditable. 
There  was,  however,  no  test  of  the  metal  by  distortion. 

The  Edge  Moor  Iron  Co.,  Wiltnbigton,  Del, 

A  number  of  hydraulic  forged  eye-bars  and  upset  bar-ends  for 
screw-threads ;  also,  samples  of  hydraulic  riveting,  showing  that  the 
rivet  will  fill  even  unmatched  holes,  while  by  hand-riveting  it  will 
not.  This  hydraulic  shaping  of  iron,  not  yet  largely  practiced  in 
America,  is  most  creditable  to  the  Edge  Moor  Company  as  a  modern 
advance  in  the  art,  and  as  evidence  of  high  quality  of  product. 

Wilson,  Walker,  &  Co.,  Pittsburgh,  Pa. 
A  good  exhibit  of  small  forgings  for  railway  purposes. 

OPEN  HEARTH  OR  MARTIN  STEEL. 

The  exhibit  of  The  Otis  Iron  and  Steel  Co.,  Cleveland,  Ohio, 
showed  as  high  a  state  of  the  art,  with  reference  to  boiler-plates  at 
least,  as  that  illustrated  by  any  Swedish  exhibitor.  There  were 
shown  a  very  heavy  plate  21  feet  2  inches  long  by  6  feet  2^  inches 
maximum  width  by  yi  inch  thick,  weighing  2670  pounds,  with  un- 
trimmed  but  very  true  edges,  it  having  been  rolled  directly  from  a 
9-inch  thick  ingot,  and  not  from  a  hammered  slab ;  also,  a  ^-inch 
head-sheet  88  inches  in  diameter ;  also,  sound  fractured  ingots  and 
some  forgings.  Among  the  tests  were  ^-inch  and  i-inch  plates, 
bent  cold,  fourfold,  under  the  hammer,  and  a  5^-inch  plate,  having 
sound  cups  5  inches  deep  and  close  together,  indented  cold  by  a  7- 
inch  cannon-ball  driven  into  it  by  a  steam-hanimer,  the  anvil  being 
a  7-inch  ring.  The  specimens  of  flanging  were  also  very  good. 
There  were  also  a  large  number  of  tested  specimens  accompanied  by 


GENERAL  REPORT  OF  THE   JUDGES  OF  GROUP  /.     31 

the  official  records  of  strength  and  elongation.     The  general  results 
of  these  tests  were  equal  to  any  which  were  exhibited. 

The  Midvale  Steel  Works,  Philadelphia,  Pa. 

This  exhibit  was  extensive  in  range,  and  it  showed  evidences  of  ex- 
cellent control  of  materials  and  processes,  so  as  to  turn  out  uniform 
products.  For  tires,  the  aim  is  the  greatest  hardness  consistent  with 
toughness;  as  a  type,  a  55-^g-  (inside)  tire  was  reduced  by  15  tons 
hydraulic  pressure  to  54j^  inches  in  lesser  diameter  without  perma- 
nent set;  25  tons  reduced  it  to  545^  inches  with  ]/^  inch  set;  53  tons 
gave  26^  inch  set  and  broke  the  tire.  Railway  axles  are  made  from 
Bessemer  pig  and  good  scrap  and  charcoal  blooms,  so  as  to  be  espe- 
cially free  from  brittle  ingredients ;  still,  they  are  made  hard  enough 
to  wear  well  by  means  of  0.30  per  cent  carbon,  and  tough  enough  to 
stretch  26  per  cent,  with  68,000  pounds  tensile  pull  and  33,000  pounds 
limit  of  elasticity.  They  are  hammered  from  12-inch  3-axle  ingots. 
There  are  four  classes  of  steel  for  forgings  and  structural  purposes ; 
the  tensile  strength  runs  up  to  94,000  pounds  with  17  per  cent,  elong- 
ation. Tire  steel  has  about  90,000  pounds  tensile  strength  and  20 
per  cent,  stretch.  There  were  exhibited  various  fractured  and  tested 
specimens  of  the  above-mentioned  products.  There  were  a  7000- 
pound  ingot  20  inches  square,  fractured  ingots  showing  notable 
soundness,  various  solid,  smooth  machinery  castings,  a  group  of 
bottom-cast  tire  ingots,  and  a  5000-pound  hammered  piece  12^ 
inches  by  12  feet  for  a  gun  tube;  this  had  54,000  pounds  limit  of 
elasticity,  83,000  pounds  tenacity,  and  16^  per  cent,  stretch.  The 
exhibit  illustrated  the  best  state  of  the  art  in  the  United  States  in 
respect  of  heavy  work. 

The  Nashua  Iron  Co.,  Nashua,  N,  H, 

Sound  and  well-manufactured  forgings,  among  them  locomotive 
cranked  axles  and  a  7500-pound  shaft ;  also,  locomotive  tires,  and  a 
variety  of  fire-box  and  boiler-plates,  which,  as  far  as  means  were  pro- 
vided for  determining,  were  of  good  quality.  This  is  the  only  works 
of  the  kind,  in  fact,  the  only  rolling-mill  in  the  State. 

The  Bay  State  Iron  Co.,  Boston,  Mass. 

A  collection  of  fire-box  and  other  large  ingot-iron  plates,  some 
of  which  were  flanged  ;  they  were  made  by  the  Martin  process,  and 
appeared,  as  far  as  tested,  to  be  of  high  quality. 
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Singer,  Nimick,  &  Co.,  Pittsburgh,  Pa. 

A  very  fine  exhibit  of  saw-plates ;  also  open-hearth  boiler-plates 
and  sheets  of  various  thicknesses.  The  plates  were  rolled  in  a  Lauth 
3-high  train,  and  the  surfaces  were  notably  smooth  and  clean.  This 
company  also  made  exhibits  of  crucible  steel,  which  were  of  good 
quality. 

CRUCIBLE  STEEL. 

The  exhibits  in  this  department,  from  the  United  States,  and  es- 
pecially from  Pittsburgh,  were  remarkably  extensive  and  fine,  and 
they  had  (excepting  heavy  forgings)  the  largest  range  of  size,  shape, 
temper,  and  adaptation  known  in  the  arts. 

Park  Bro.  &  Co.,  Pittsburgh,  Pa. 

This  firm  made  two  displays;  the  one  in  the  Government  Building 
especially  was  very  beautiful,  instructive,  and  complete  as  an  exhibit ; 
it  began  with  the  crude  materials,  and,  showing  all  stages  of  manu- 
facture, ended  in  a  most  elaborate  grouping  of  numerous  rolled  and 
hammered  shapes,  severely-tested  plates  and  bars,  and  a  vast  variety 
of  tools  and  implements.  The  number  of  uses  to  which  both  the  hard 
and  soft  grades  of  the  material  were  applied  was  worthy  of  attention. 
The  capacity  of  ingot-iron  to  combine  perfect  soundness  with  great 
strength,  high  extensibility,  and  extreme  malleability  was  best  shown 
by  the  severe  cold-tests  and  complex  flanging  of  boiler-plates.  The 
whole  exhibit  would  have  been  creditable  in  every  respect  to  any 
establishment  in  Sheffield,  the  old  and  principal  seat  of  the  steel 
manufacture. 

Miller,  Metcalf,  &  Parkin,  Pittsburgh,  Pa. 

An  exhibit,  of  which  a  number  of  old,  worn,  and  thoroughly-tested 
special  tools,  the  service  of  which  was  stated,  was  a  most  interesting 
and  creditable  feature.  An  intelligible  explanation  of  the  service 
and  endurance  of  these  tools  would  be  too  long  for  this  paper ;  it  is 
sufficient  to  say  that  this  company  proved  its  capacity  to  adapt  steel 
uniformly  to  a  large  number  of  uses  requiring  not  only  the  very 
highest  general  quality,  but  very  various  special  physical  properties. 

HussEY,  Wells,  &  Co.,  Pittsburgh,  Pa, 

An  instructive  exhibit  in  the  Government  Building,  and  a  fine 
display,  well  illustrating  high  quality,  in  the  Main  Building.  There 
were  large  and  elaborately  flanged  boiler-heads,  severely  tested  rail- 
way axles,  plates  folded  hot  and  cold  without  fracture,  and  forgings 
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of  very  clean  steel ;  among  others,  a  finished  bar  31  feet  8  inches  long 
by  4  inches  in  diameter.  Perhaps  the  feature  which  attracted  the 
most  expert  attention  was  the  large  size  and  extremely  good  finish 
of  the  many  sheets  which  were  displayed. 

The  Chrome  Steel  Co.,  Brooklyn,  N,  Y. 

Steel  in  various  forms,  and  compound  bars  of  soft  iron  and  hard 
steel  for  safes.  Although  the  proof  of  quality  was  limited,  it  is  well 
known  that  the  use  of  chromium  has  developed  some  extraordinary 
and  valuable  qualities  in  steel. 

Reese,  Graff,  &  Woods,  Pittsburgh,  Pa. 

A  large  variety  of  shapes  in  wrought-iron  as  well  as  in  steel  of  all 

grades. 

The  Standard  Steel  Co.,  Lewistown,  Pa, 

A  number  of  locomotive  tire  ingots,  "cheeses,"  punched  and  beaked 
rings,  and  finished  tires,  which,  although  not  tested,  are  known  to 
be  of  good  quality. 

The  Adirondack  Steel  Works,  Jersey  City,  N.  y. 

These  works,  established  as»  early  as  1848,  showed  a  large  variety 
of  hammered  and  rolled  bars  and  small  forgings,  which  looked  well. 

STEEL  AND   IRON  WIRE. 

The  exhibit  of  the  Cleveland  Rolling-Mill  Company  has  been  re- 
ferred to. 

The  Washburn  &  Moen  Manufacturing  Co.,  Worcester,  Mass. 

The  display  of  this  company  was  splendid  in  itself,  and  as  an  illustra- 
tion of  range  and  quality  in  the  wire  manufacture  it  was  exhaustive. 
There  were  materials  such  as  iron  and  steel  blooms,  and  wire  rods  of 
extra  lengths  without*  welds,  also  wire  covered  with  zinc,  tin,  and 
other  metals,  and  wire  for  telegraphs,  cards,  pins,  brooms,  weaving 
machines,  and  musical  instruments.  Superior  workmanship,  exactness 
of  size  at  both  ends  of  the  coils,  and  large  and  excellent  facilities  for 
manufacture,  were  conspicuously  illustrated 

Stewart  &  Co.,  Easton,Pa, 
A  good  display  of  well-finished  wire. 

MISCELLANEOUS. 

In  addition  to  the  exhibits  mentioned,  there  was  a  large  display  of 
drop  forgings  and  also  of  springs,  and  a  vast  and  excellent  show  of 
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iron  and  steel  tools,  implements,  and  hardware  in  great  variety,  which 
cannot  be  properly  referred  to  in  this  paper.  It  is,  however,  within 
the  province  of  this  paper  to  call  attention  to  the  remarkably  excel- 
lent display  of  American  drop  forgings,  as  illustrating  not  only  the 
character  of  the  tools  and  the  materials  represented  in  their  fabrica- 
tion, but  also  as  leading  up  to  the  manufacture  of  large  hydraulic 
forgings,  in  which  the  German  works  are  so  eminent,  and  in  which 
our  own  are  so  deficient. 

THE  EXHIBIT  OF  THE   UNITED  STATES, 

Great  as  was  its  magnitude  and  range,  this  exhibit  did  not  equally 
represent  the  respective  magnitudes  and  ranges  of  the  iron  and  steel 
manufactures  in  its  several  iron-producing  districts,  but  it  did  fairly 
illustrate  the  resources  of  the  United  States  and  the  technical  develop- 
ment of  the  manufacture  and  the  probable  direction  of  improvement. 
The  resources  of  the  country  were  perhaps  more  amply  represented  by 
the  vast  and  various  groups  from  all  its  parts,  of  iron  ores  and  other 
minerals  necessary  to  the  manufacture,  than  by  the  samples  of  iron 
and  steel  products.  The  exhibit  of  the  United  States,  however,  was 
not  chiefly  significant  as  an  illustration  of  possibilities,  it  was  a  com- 
plete and  comprehensive  proof  of  accomplished  results.  It  established 
the  fact  that  the  manufacture  is  carried  on  over  a  wide  range  of  ter- 
ritory and  on  a  scale  only  exceeded  by  that  of  Great  Britain,  and 
that  it  is  highly  organized  and  scientifically  conducted  in  most  of  its 
departments.  But  while  the  manufacturers  of  this  country  deserve 
this  degree  of  credit,  they  are,  unfortunately,  open  to  criticism  in  two 
important  directions :  first,  they  are  a  long  way  behind  English.  French, 
and  German  manufacturers  in  the  substitution  of  steel  for  wrought- 
iron  and  cast-iron  in  all  uses,  from  ships,  engines,  and  ordnance  down 
to  hardware;  and,  second,  they  have  hardly  introduced  the  system  of 
hydraulic  forging,  which  the  German  and  French  exhibits  proved  to 
be  not  only  practicable  and  economical  within  a  very  large  range  of 
products  of  moderate  weight,  but  also  capable  of  safe  extension  to 
forgings  of  large  size.  The  incapacity  of  American  works  to  produce 
large  steel  hammer-forgings  may  be  explained  on  other  grounds  than 
want  of  enterprise  or  technical  knowledge  on  the  part  of  manufacturers. 
Such  forgings  are  chiefly  required  for  steamships  and  for  cannon. 
Unfortunately,  and  for  reasons  which  cannot  be  discussed  in  this 
paper,  there  has  not  been  a  sufficient  demand  for  steamship  shafts  to 
warrant  the  erection  of  the  expensive  plant  required  to  produce  them 
in  steel ;  fortunately,  the  necessity  for  ordnance  of  great  power  has 
not  been  so  imminent  as  to  warrant  the  reproduction  of  another  Wool- 
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wich  Arsenal  in  this  country.  The  excellence  of  American  cast-iron 
and  the  considerable  cost  of  the  plant  to  make  hydraulic  forgings  as 
a  substitute  for  cast-iron,  may  be  put  forward  as  an  excuse  for  our 
slow  development  in  the  large  and  cheap  adaptation  of  steel  to  general 
uses ;  but  if  the  steel  exhibits  of  Germany  especially,  in  this  direction, 
have  shown  our  iron-  and  steel-makers  and  users  the  fallacy  of  this 
idea,  the  Exhibition  will  have  been  worth  to  them  many  times  its  cost. 

THE  STATE   OF  THE  ART. 

Having  described  generally  the  exhibits  of  wrought-iron  and  steel, 
it  seems  also  important,  in  order  to  determine  the  status  of  these 
manufactures  in  our  Centennial  year,  briefly  to  refer  to  the  methods 
of  manufacture,  and  to  the  character  of  plant  in  use  in  the  chief  iron- 
producing  countries.  The  necessary  data  for  such  reference  were 
largely  obtainable  from  the  drawings,  models,  and  statistics  of  foreign 
exhibitors,  and  more  especially  from  those  of  American  exhibitors  in 
the  halls  of  the  American  Society  of  Civil  Engineers  and  of  the  Ameri- 
can Institute  of  Mining  Engineers,  which  institutions,  both  separately 
and  unitedly,  and  both  by  exhibits  and  by  means  of  their  social  facil- 
ities and  their  excursions  to  mineral  and  manufacturing  regions,  con- 
nected the  general  industry  with  the  Centennial  Exhibition.  But  as 
various  countries  and  districts  were  inadequately  represented,  and  as 
exhibits  of  product  alone  cannot  fully  represent  the  character  of  plant 
and  processes,  the  writer  has  ventured  to  supplement  the  information 
derived  from  the  Exhibition  itself  by  further  information  derived  from 
personal  observation  of  the  art  at  home  and  in  foreign  countries  just 
before  and  immediately  after  the  Exhibition. 

The  Bessemer  Manufacture. — In  Great  Britain  and  on  the  Conti- 
nent, the  original,  and,  as  meeting  a  new  requirement,  the  extremely 
ingenious  and  highly-organized  plant  of  Bessemer  and  Longsdon, 
has  been  pretty  rigidly  adhered  to ;  it  is  only  in  several  of  the  latest 
works  abroad  that  any  attempt  has  been  made  to  improve  it,  or  even 
to  bring  it  up  to  the  standard  established  elsewhere.  In  the  United 
States,  while  the  excellent  features  of  Bessemer  and  Longsdon's  plant 
have  been  retained,  the  very  first  works,  and  in  a  better  manner  each 
succeeding  works,  have  embodied  radical  improvements  in  arrange- 
ment and  in  detail  of  plant,  the  object  being  to  increase  the  output 
of  a  unit  of  capital  and  of  a  unit  of  working  expense.  It  would  be 
impracticable  in  this  paper  to  explain  in  intelligible  detail  the  char- 
acter of  these  improvements,  but  any  one  who  wi3hes  to  pursue  the 
subject  further  will  find  an  illustrated  analysis  of  the  American  Besse- 
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mer  plant  in  Engineering,  London,  March  9  and  16, 1877.     The  close 
of  the  article  referred  to  is  as  follows : 

"  In  conclusion,  it  will  have  been  observed  that  the  capacity  of  these 
works  for  a  very  large  and  regular  output  lies  chiefly  in  an  arrange- 
ment which  provides  large  and  unhampered  spaces  for  all  the  princi- 
pal operations  of  manufacture  and  maintenance,  while  it  at  the  same 
time  concentrates  these  operations.  The  result  of  concentration  which 
is  realized,  is  the  saving  of  rehandling  and  of  the  spaces  and  machinery 
and  cost  required  for  rehandling ;  a  possible  result  of  concentration 
which  has  been  avoided,  is  the  interference  of  one  machine  and  opera- 
tion with  another.  At  the  same  time  a  degree  of  elasticity  has  been 
introduced  into  the  plant,  partly  by  the  duplication  and  partly  by  the 
interchangeableness  of  important  appurtenances,  the  result  being  that 
little  or  no  time  is  lost  if  the  melting  and  converting  operations  are 
not  quite  concurrent,  or  if  temporary  delays  or  failures  occur  in  any 
department  of  manufacture  or  maintenance. 

"  The  fact,  however,  must  not  be  lost  sight  of,  that  the  adaptation 
of  plant,  which  has  thus  been  analyzed,  is  not  the  only  important 
condition  of  large  and  cheap  production ;  the  technical  management 
of  American  works  has  become  equally  improved.  Better  organiza- 
tion and  more  readiness,  vigilance,  and  technical  knowledge  on  the 
part  of  the  management  have  been  required  to  run  works  up  to  their 
capacity,  as  their  capacity  has  become  increased  by  better  arrange- 
ment and  appliances." 

It  may  be  stated  generally  that  the  average  output  of  a  pair  of  5  J^- 
to  6-ton  Bessemer  vessels  in  the  United  States  in  1876  was  225  to 
250  tons  of  ingots  per  24  hours,  and  that  such  a  plant  has  produced 
not  less  than  350  tons  of  ingots  in  24  hours.  The  largest  output  of 
any  British  works  was  180  tons  out  of  a  pair  of  7-ton  vessels  in  24 
hours.  The  product  of  the  best  Belgian  works  is  about  the  same. 
In  all  the  foreign  works  which  make  a  large  output  the  arrangement 
which  distinguishes  the  American  plant  has  been  more  or  less  adopted. 

The  direct  use  of  blast-furnace  metal  in  the  converter  without  re- 
melting  has  for  some  years  been  successfully  employed  in  France, 
Belgium,  and  elsewhere  with  pretty  uniform  irons  containing  some  5 
per  cent,  of  manganese.  The  oxidation  of  this  large  amount  of  man- 
ganese and  of  a  small  amount  of  silicon  makes  the  charge  hot  enough 
to  cast  without  an  excess  of  scrap.  At  the  same  time,  any  remaining 
manganese  becomes  a  useful  ingredient  in  the  steel.  In  fact,  with 
such  irons,  the  blowing  is  in  some  works  stopped  (by  means  of  slag 
color-tests  and  the  mechanical  test  of  globules  of  steel  in  the  slag), 
while  the  charge  still  retains  enough  carbon  and  manganese  to  consti- 
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tute  the  desired  grade  of  steel,  and  no  more  manganese  is  added.  The 
direct  use  of  blast-furnace  metal  in  Great  Britain  from  the  native  and 
foreign  ores  which  are  best  obtainable  there,  and  which  do  not  contain 
much  manganese,  has  been  practiced  for  a  shorter  period  and  with 
less  marked,  although  substantial,  success.  In  the  absence  of  man- 
ganese, the  necessary  heat  is  generated  only  by  means  of  an  excess  of 
silicon,  and  highly-siliconized  irons  have  a  tendency  to  make  a  brittle 
product  in  the  Bessemer  converter,  for  reasons  which  are  not  as  yet 
perfectly  understood.  The  direct  use  of  blast-furnace  metal  has  not 
been  attempted  in  American  Bessemer  works,  although  several  of  the 
more  recent  ones  were  arranged  for  this  practice ;  and  on  account  of 
the  small  or  irregular  proportions  of  manganese  in  the  American  Bes- 
semer ores  best  obtainable,  the  results  would  correspond  to  those  in 
Great  Britain.  When,  by  means  of  rapid  analyses,  uniform  materials, 
better  control  of  heat,  or  by  any  other  instrumentalities,  the  blast-fur- 
nace makes  a  product  as  uniform  and  suitable  as  that  which  may  be 
obtained  by  the  selection  of  pigs,  the  direct  process  will  of  course 
effect  a  very  large  saving  in  the  cost  of  steel.  A  similar  result  may 
follow  the  attempt  just  making  in  England,  to  mix  large  quantities  of 
fluid  blast-furnace  metal  from  different  furnaces,  and  to  store  it  for 
some  hours,  as  required,  in  tanks  or  in  open-hearth  furnaces. 

The  cheap  production,  in  the  blast-furnace,  of  spiegeleisen  contain- 
ing as  much  as  20  per  cent,  of  manganese,  and  also  the  production,  at 
a  reasonable  cost,  of  still  richer  ferro-manganese,  have  enabled  Besse- 
mer steel-makers  to  largely  vary  and  improve  their  products.  The 
use  of  manganese  as  a  flux  and  as  an  ingredient  of  steel,  up  to  i  per 
cent,  and  above,  has  proved  in  every  way  valuable. 

Conspicuous  and  rapid  as  have  been  the  improvements  in  the  Bes- 
semer steel  manufacture, — chiefly  due  to  better  engineering  and  to  the 
selection  of  materials  by  means  of  chemical  analysis, — the  adaptation 
of  impure  ores  (chiefly  the  elimination  of  phosphorus)  has  made  no 
progress  whatever.  While  the  proportion  of  phosphorus  may  be 
safely  increased  a  little,  if  carbon  is  kept  very  low  and  manganese  is 
used  freely,  it  is  nevertheless  true,  in  general  terms,  that  the  best 
grades  of  ores  are  necessary  to  the  production  of  the  best  grades  of 
Bessemer  steel. 

There  are  in  the  United  States  eleven  Bessemer  works,  having  in 
all  22  vessels,  with  a  capacity  of  at  least  550,000  tons  of  ingots  in 
the  aggregate. 

The  Open-Hearth  Steel  Manufacture. — ^The  Martin  process 
and  the  great  and  controllable  temperature  of  the  Siemens  regenera- 
tive gas-furnace,  offer  remarkable  facilities  for  producing  steel  of  every 
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grade  from  a  variety  of  materials.  Yet  this  manufacture,  for  some 
years,  made  little  headway,  especially  in  the  United  States  (where 
but  eighteen  furnaces  are  in  operation),  for  various  reasons,  chiefly 
the  difficulty  of  maintaining  the  furnace.  But  within  a  few  years 
it  has,  especially  in  France,  been  largely  developed  and  cheapened 
in  various  directions.  At  the  Terrenoire  Works,  the  output  has 
increased  from  less  than  two  to  about  three  charges  per  furnace  per 
twenty-four  hours,  and  in  addition  to  the  usual  grades  of  steel  made 
by  dissolving  steel  or  good  wrought-scrap  in  a  bath  of  pig-iron,  two 
important  modifications  of  the  manufacture  are  in  regular  and  suc- 
cessful operation : 

1.  Rail  steel,  of  a  quality  good  enough  for  French  roads,  at  least, 
is  made  by  melting  down  about  two  parts  of  old  and  highly-phos- 
phorized  iron  rails  and  one  part  of  good  pig-iron,  and  then  adding 
enough  ferro-manganese  to  produce  a  steel  with  0.20  to  0.25  per  cent 
of  phosphorus,  about  I  per  cent,  of  manganese,  and  but  0.12  to  0.15 
per  cent,  of  carbon.  The  reason  why  phosphorus  does  not  make 
steel  cold-short  in  the  presence  of  this  low  carbon  and  high  manga- 
nese is  little  understood,  but  the  fact  that  manganese  promotes  tough- 
ness and  soundness  is  as  well  ascertained,  and  is  as  important  in  the 
open-hearth,  as  in  the  Bessemer  process. 

2.  The  Terrenoire  Company  have  also  develc^ed  the  manufacture 
of  sound  steel  castings,  which  have  as  high  a  specific  gravity  as  rolled 
steel,  as  well  as  the  strength  and  physical  properties  generally  of 
rolled  or  hammered  steel  of  equal  hardness.  Although  steel  castings 
are  more  or  less  successfully  made  elsewhere  by  means  of  manganese 
and  silicon,  this  process  is  original  in  following  a  scientific  order  of 
chemical  reaction  of  silicon  and  manganese,  the  object  being  to  partly 
prevent  and  partly  remove  the  causes  which  in  ordinary  steel-making 
produce  unsoundness  and  want  of  solidity.  It  would  be  impracticable 
to  further  describe  this  important  manufacture  within  the  limits  of  this 
paper.  ^ 

At  St  Chamond,  in  France,  M.  Charles  Pernot  has  for  some  years 
experimented  with,  and  has  recently  brought  to  a  high  state  of  effi- 
ciency, an  open-hearth  furnace  with  a  revolving  hearth,  by  means  of 
which  the  mechanical  agitation  of  the  bath  is  made,  as  in  the  Besse- 
mer process,  to  facilitate  the  chemical  reactions.  This  furnace  makes 
about  3  J^  heats  from  cold  materials  in  24  hours,  and  is  very  econom- 
ical of  fuel. 

Dr.  C.  W.  Siemens  has  during  the  last  three  or  four  years  devel- 
oped, chiefly  at  the  large  works  of  the  Landore  Siemens  Steel  Com- 
pany in  Wales,  the  "  pig-and-ore  process,"  which  consists  in  melting 


GENERAL  REPORT  OF  THE  JVDGES  OF  GROUP  /.  3^ 

down  a  charge  of  pig-iron,  together  with  enough  iron  ore  to  make 
good  the  loss  of  pig-iron  by  oxidation.  The  ore  facilitates  the  decar- 
burization  of  the  pig-iron.  The  pig-and-ore  process  is  coming  largely 
into  use,  and  is  in  Great  Britain,  where  it  is  well  done  on  a  large 
scale,  a  successful  rival  of  the  Bessemer  process,  which  is  not,  com- 
paratively, as  well  done. 

Dr.  Siemens  has  also  quite  recently  enlarged  the  size  of  the  open- 
hearth  furnace,  and  has  greatly  improved  the  mixing  of  the  air  and 
gas ;  and  he  and  others  have  materially  increased  the  durability  and 
efficiency  of  the  apparatus,  chiefly  by  means  of  giving  proper  direc- 
tion to  the  flame,  and  by  developing  the  manufacture  of  more  refrac- 
tory bricks  and  bottoms.  At  the  latest  works  in  England  lo-ton  and 
12-ton  furnaces  are  employed,  while  some  3-ton  furnaces  are  still  used 
in  the  older  works.  There  are  above  80  furnaces  in  operation  in  Great 
Britain.  In  the  convenient  arrangement  of  open-hearth  plant,  more 
has  been  done  in  the  United  States  than  abroad,  although  the  extent 
of  the  manufacture  in  this  country  is  quite  small,  no  establishment 
having  as  yet  more  than  three  furnaces,  while  at  the  Landore  Works 
there  are  twenty-four. 

The  use  of  iron  direct  from  the  blast-furnace,  or  from  the  cupola, 
has  not  been  found  to  facilitate  the  open-hearth  manufacture ;  solid 
pig  is  purifled  as  it  is  melted  on  the  open  hearth,  and  the  purification 
of  fluid  pig  appears  to  require  as  much  heat  and  as  much  time.  Un- 
like the  Bessemer,  the  open-hearth  process  provides  conditions  for 
the  partial  elimination  of  phosphorus,  and  for  the  more  complete  oxi- 
dation of  silicon.  Phosphorus  is  oxidized  at  a  low  temperature,  but 
as  the  temperature  rises  to  the  point  at  which  steel  will  remain  fluid, 
the  affinities  appear  to  change,  and  phosphorus  goes  back  into  the 
iron.  It  is  obvious  that  the  open-hearth  process,  and  more  especially 
the  puddling  process,  are,  on  account  of  the  long  exposure  of  the  bath 
to  oxygen,  and  of  the  separation  of  the  slags  from  the  metal  through- 
out the  operation,  more  favorable  than  the  Bessemer  process  to  the  re- 
moval and  detention  of  the  phosphorus  in  the  slag.  The  open-hearth 
process  presents  these  favorable  conditions :  it  allows  a  certain  elimi- 
nation of  impurities ;  the  necessary  heat  is  not  dependent  on  the  pro- 
portion or  regularity  of  silicon  or  manganese  in  the  pig-iron ;  hence, 
and  because  it  may  use  ore  and  old  iron  of  inferior  quality,  its 
materials  may  be  very  cheap ;  at  the  same  time,  with  the  best  mate- 
rials, and  with  the  accurate  means  of  test  and  control  which  the  oper- 
ation furnishes  at  all  stages,  it  may  produce  very  high  and  very  uni- 
form qualities  of  steel  of  every  degree  of  temper  and  adaptation. 
Although  not  now  as  cheap  in  the  United  States  as  the  Bessemer 
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process,  it  is  evidently  a  growing  and  important  department  of  the 
steel  manufacture.  The  excellent  character  of  its  products  were  as 
conspicuously  shown  in  the  exhibits  of  the  United  States  as  in  those 
of  any  foreign  country. 

Direct  Ore  Processes. — This  subject  is  mentioned  in  connection 
with  the  open   hearth,  because  if  the  direct  process  of  producing  | 

spongy  iron  becomes  a  complete  success,  it  will  be  a  most  important  1 

auxiliary  to  the  open  hearth ;  it  will  provide  a  cheap  material,  which  will 
be  at  the  same  time  pure,  because  it  has  been  made  at  a  low  temper- 
ature, and  is  hence  not  incorporated  with  the  phosphorus  and  other 
impurities  which  blast-furnace  products  would  get  out  of  the  ore. 
The  theoretical  attractions  of  the  direct  process  are  equaled  only  by 
its  practical  difficulties.  Since  the  dawn  of  the  iron  manufacture  it 
has  been  the  subject  of  numerous  experiments,  but  of  very  limited 
and  expensive  practice.  The  process  of  Dr.  C.  W.  Siemens,  of  Lan- 
dore,  now  in  commercial  use  both  in  England  and  in  America,  seems 
to  possess  the  elements  of  success  ;  it,  however,  does  not  follow  that 
the  process  of  Mr.  Thomas  S.  Blair,  of  Pittsburgh,  Pennsylvania,  may 
not  also  succeed,  when  it  has  been  as  fully  matured.  Both  these  pro- 
cesses have  made  material  for  excellent  steel.  Blair's  consists  in  deox- 
idizing the  ores  rapidly  by  gas  and  solid  fuel,  but  without  fusion,  and 
then  withdrawing  the  iron-sponge  cold,  without  allowing  it  to  oxidize 
again.  The  sponge  is  compressed  and  charged  into  the  open-hearth 
furnace,  or  it  is  reheated  or  charged,  or  it  is  melted  in  a  cupola  and 
then  treated  in  the  open  hearth.  The  best  manner  of  using  the 
sponge  does  not  appear  to  be  fully  settled.  Siemens'  process  con- 
sists in  melting  ore,  together  with  coal  and  limestone  enough  to  reduce 
it,  in  a  rotating  furnace,  tapping  off  such  slag  as  will  run,  squeezing 
the  remaining  slag  out  of  the  ball,  and  charging  the  ball  hot  into  the 
open-hearth  furnace;  The  radical  trouble  in  all  direct  processes  has 
been  the  waste  of  iron  in  getting  it  from  the  sponge  into  merchant- 
able form.  The  addition  of  the  open-hearth  process  greatly  relieves 
this  difficulty.  The  Centennial  year  of  the  republic,  and  the  Centen- 
nial year,  at  least,  of  the  direct  process,  seems  to  have  witnessed  the 
beginning  of  success  in  this  most  simple  and  yet  most  difficult  art. 

The  Crucible  Steel  Manufacture. — A  very  few  words  will  suffice 
for  the  state  of  this  art.  The  cost  of  the  process  has  been  quite  revo- 
lutionized by  the  use  of  the  Siemens  gas-furnace,  which  produces  a 
ton  of  steel  with  i  ton  of  slack  coal,  while  2^  to  3  tons  of  coke  are 
used  in  the  old  form  of  furnace.  It  is,  however,  a  rather  remarkable 
fact  that  this  revolution  has  been  almost  exclusively  confined  to 
American  works,  and  that  Sheffield,  England,  the  chief  seat  of  the 


GENERAL  REPORT  OF  THE  JUDGES  OF  GROUP  L  41 

business,  has  not  largely  adopted  the  gas-furnace.  The  other  im- 
portant improvement  in  the  manufacture  (since  the  improved  use  of 
manganese)  has  been  the  better  chemical  knowledge  and  selection  of 
materials.  Cromium  and  various  fluxes  have  more  or  less  enlarged 
the  range  and  value  of  steel  treated  with  these  substances.  The  cru- 
cible is  yielding  place  to  the  open  hearth  and  to  the  converter  for  large 
work  and  for  constructive  uses  generally  on  account  of  both  the 
cheapness  and  the  uniformity  of  the  large  masses  made  by  the  large- 
scale  method.  The  crucible  seems,  however,  destined  to  long  hold 
its  place  for  the  production  of  tools  and  other  very  fine  steels,  because 
the  whole  of  the  material  it  employs  may  be  selected  from  the  most 
highly-refined  direct  process  or  puddled  products,  while  the  Bessemer 
and  the  open  hearth  must  use  more  or  less  crude  cast-iron. 

The  Wrought-Iron  Manufacture. — With  the  exception  of  me- 
chanical puddling,  no  revolutionary  or  very  important  modification 
has  been  generally  adopted,  although  many  details  of  plant  and  pro- 
cess have  been  improved.  Many  fluxes  have  been  the  subject  of  ex- 
periment, but  none  except  fluor-spar  in  some  shape  have  been  much 
employed.  Larger  furnaces  and  preheating  chambers  have  come 
more  or  less  into  use.  Numerous  forms  of  apparatus  for  heating 
blast  by  the  waste  gases,  and  for  promoting  better  combustion  and 
for  saving  fuel,  have  been  locally  adopted  with  some  success.  The 
regenerative  gas-furnace  has  realized  a  great  economy  in  fuel  and  in 
some  other  respects,  but  the  fluxing  of  regenerator  bricks  by  the  fine 
particles  of  oxide  of  iron  which  pass  into  them  with  the  draft  has 
been  its  most  serious  obstacle.  Improved  regenerators  which  can  be 
readily  cleaned  are  the  subject  of  promising  experiments  by  Dr. 
Siemens  and  others.  The  retort-furnace  of  Mr.  John  Price,  used  for 
puddling  and  heating  at  the  Woolwich  Arsenal  and  elsewhere  in 
England,  is  giving  very  good  results,  especially  in  fuel,  and  it  has  the 
advantage  of  cheapness.  The  hot  gases  as  they  leave  the  furnace 
heat  a  body  of  coal  in  a  retort  connected  with  the  fire-box,  thus  dis- 
tilling the  hydro-carbons,  which  then  pass  steadily  over  the  fire  and 
intercept  any  air  which  may  enter  through  the  grate.  The  fire  on  the 
grate  is  regularly  replenished,  not  with  cold  and  damp  coal,  which 
would  check  the  combustion  and  disturb  the  metallurgical  operations, 
but  with  hot  coke,  which  keeps  up  an  even  temperature.  Part  of  the 
waste  gases  are  employed  to  heat  the  blast. 

Mechanical  puddling  by  means  of  rabbles  worked  by  steam-power 
(especially  Witham's  mechanical  rabble)  has  made  some  progress,  but 
the  radical  improvement  in  puddling  is  the  adaptation  of  the  revolving 
furnace.     The  name  of  Samuel  Danks  should  always  be  connected 
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with  the  system  of  maintaining  oxide  linings  and  the  general  arrange- 
ment and  adaptation  of  apparatus,  which  constitutes  the  beginning 
of  success.  But  his  success  was  not  complete,  and  it  was  not  until 
after  several  years'  costly  experimenting  that,  at  about  the  close 
of  the  Centennial  Exhibition,  three  firms,  one  in  America,  one  in 
England,  and  one  in  France,  made  a  commercial  success  of  mechani- 
cal puddling, — Messrs.  Graff,  Bennett,  &  Co.,  of  Pittsburgh,  Messrs. 
Hopkins,  Gilkes,  &  Co.,  of  Middlesborough,  and  Messrs.  Schneider  & 
Co.,  of  Creusot.  The  latter  establishment  has  produced  as  much  as 
18  tons  of  puddled  iron  per  furnace  per  24  hours.  Mechanical  pud- 
dling has  always  improved  the  product  as  compared  with  hand-pud- 
dling ;  the  trouble  has  been  with  the  furnace  and  not  with  the  process, 
and  it  has  shown  itself  in  the  form  of  delays,  which  have  eaten  up  the 
savings.  Just  now  very  thorough  investigations  are  going  on,  espe- 
cially in  England,  regarding  the  still  better  removal  of  phosphorus  by 
means  of  treating  the  iron  with  oxides,  at  low  temperature,  in  the 
mechanical  furnace,  with  reference  to  the  production  of  a  material  fit 
for  steel,  from  highly  impure  ores.  As  the  machinery  for  squeezing 
large  balls  is  improved,  it  is  also  expected  that  mechanical  puddling 
will  produce  heavy,  strong,  and  nearly  homogeneous  masses  from 
single  balls,  and  out  of  the  most  impure  and  cheap  materials,  and 
hence  at  a  low  cost. 

Meanwhile,  other  inventors  have  developed  forms  of  rotating  pud- 
dling-furnace  different  from  Danks*.  Mr.  William  Sellers,  of  Phila- 
delphia, has  successfully  combined  improved  mechanical  details  with 
the  use  of  gas  fuel,  and  has  protected  the  linings  by  water-jackets; 
Mr.  T.  R.  Crampton,  of  London,  is  employing  pulverized  coal  as  fuel 
in  a  number  of  furnaces;  Messrs.  Godfrey  &  Howson,  of  Middles- 
borough,  have  simplified  the  form  of  apparatus ;  Mr.  Charles  Pernot, 
of  St.  Chamond,  has  introduced  a  revolving  hearth  slightly  inclined 
from  the  horizontal,  and  various  iron-makers  are  experimenting  in 
different  directions.  It  is  not  too  much  to  say  that  the  Centennial 
year  witnessed  a  fresh  start,  all  along  the  line,  in  mechanical  puddling, 
and  that  hand-puddling  can  hardly  be  practiced  much  longer. 

Rolling  and  Forging  Machinery. — ^The  improvements  in  rolling- 
mill  machinery  have  not  quite  kept  pace  with  those  in  the  steel  manu- 
facture, although  they  have  been  considerable.  They  have  consisted 
chiefly  in  the  direct  application,  without  gearing,  of  better  steam-en- 
gines ;  in  arrangements  of  parts  adapted  to  producing  more  and  larger 
work,  and  in  machinery  for  feeding  heavy  pieces  into  the  rolls  by 
steam-power,  thus  economizing  labor.  The  old  kinds  of  2-high  roll- 
trains,  the  one  running  continuously  in  the  same  direction  and  doing 
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work  upon  the  piece  on  its  forward  and  not  on  its  return  passage, 
and  the  other  kind,  reversed  at  each  passage  of  the  piece  by  com- 
plex gearing,  have  nearly  given  place  to  two  rival  systems,  viz.,  (i) 
the  3-high  train,  which  does  work  at  both  passes,  and  the  2-high  train, 
driven  by  a  reversing-engine.  The  3-high  system  requires  tables  to 
carry  the  piece  vertically,  as  well  as  machinery  for  otherwise  moving 
it,  and  hence  its  feeding  arrangement  is  complex  and  costly,  although 
it  has  been  highly  developed  by  Fritz  and  others.  In  most  American 
Bessemer  works,  ingots  to  make  3  rails  to  5  rails  each  are  rolled  from 
about  14  inches  square  to  7  inches  square  in  less  than  four  minutes,  by 
the  labor  of  only  three  or  four  men ;  (2)  the  reversing-engine  has  been 
wasteful  of  steam,  but  as  now  made,  compound,  it  is  more  economical, 
and  it  requires  a  simple  feeding  apparatus,  which  may  be  made  both 
strong  and  cheap.  This  system  is  constantly  gaining  ground  in  Great 
Britain  and  on  the  Continent,  but  it  has  as  yet  made  little  progress 
in  America.  The  rolling  of  double-length  rails  has  also  made  more 
progress  abroad  than  at  home.  The  feeding  of  long  pieces,  such  as 
rails,  into  a  roll-train  has  been  little  developed,  but  is  beginning  to 
engage  the  attention  which  its  importance  demands;  not  less  than 
ten  men  are  now  required  to  feed  a  rail-train.  The  "  continuous  mill," 
having  alternate  vertical  and  horizontal  rolls  in  a  row,  the  piece  being 
worked  by  all  the  rolls  at  once,  has  been  highly  developed  for  small 
work,  but  not  yet  for  large  work.  The  improvement  of  mills  for 
rolling  tires,  and  for  special  work,  is  making  respectable  but  not 
notable  progress,  other  than  in  the  matter  of  better  proportions  and 
workmanship. 

Forging  machinery  of  the  steam-hammer  variety  seems  to  be 
making  progress,  both  in  size  and  adaptation,  commensurate  with 
that  of  the  iron  and  steel  manufacture  at  large.  The  Centennial  year 
witnessed  the  construction  (not  yet  quite  completed)  at  Creusot 
of  a  steam-hammer  having  a  6oton  head  falling  nearly  17  feet,  and 
an  anvil-block  weighing  720  tons.  The  adaptation  of  small  hammers 
to  miscellaneous  as  well  as  to  special  work,  giving  them  almost  the 
dexterity  of  a  smith's  arm,  has  been  equally  remarkable,  both  in  this 
country  and  abroad.  Hydraulic  forging  machinery,  especially  for 
steel,  which  is  so  well  adapted  to  receive  complex  shapes  in  this  man- 
ner, has  made  slow  but  constant  progress,  and  has  arrived  at  a  con- 
siderable degree  of  excellence,  as  was  well  illustrated  by  the  German 
exhibits;  unfortunately,  there  were  almost  no  such  exhibits  in  all  the 
vast  display  of  the  United  States. 
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STATISTICS, 

In  view  of  the  fact  that  the  statistical  history  and  the  status  of  the 
iron  and  steel  manufacture  all  over  the  world  have  been  fully  set  forth 
in  various  documents  connected  with  the  Centennial  occasion, and  more 
especially  in  the  complete  and  voluminous  reports  of  the  Secretary 
of  the  American  Iron  and  Steel  Association,  it  has  been  deemed  best 
not  to  go  much  beyond  the  limits  of  technical  description  and  discus- 
sion in  this  paper.  As  a  commentary,  however,  on  the  progress  and 
state  of  the  art,  a  brief  record  of  past  and  present  output  is  appended. 
It  has  been  compiled  from  President  A.  S.  Hewitt's  address  before 
the  American  Institute  of  Mining  Engineers,  June,  1876,  Mr.  John  B. 
Pearse's  History  of  the  Iron  Manufacture ,  1876,  Mr.  James  M.  Swank's 
Reports  (American  Iron  and  Steel  Associatiqn),  1876  and  1877,  ^^^ 
Scrivenor's  History  of  the  Iron  Trade,  1841. 

Mr.  Hewitt  says,  **  The  extent  of  the  American  iron  manufacture, 
during  the  ante-revolutionary  period,  can  be  inferred  only  from  scanty 
records  of  exports.  These  beginning  in  17 17  with  3  tons,  had  in- 
creased in  1750  to  about  3000  tons;  in  1765  the  total  is  reported  at 
4342  tons;  and,  in  177 1,  at  7525  tons,  the  maximum  annual  export." 

Mr.  Pearse  says,  "During  twenty- four  years,  between  1729  and 
1755  (excluding  1737,  1738,  and  1739,  for  which  no  records  exist) 
Virginia  and  Maryland  exported  to  Great  Britain  50,9583^^^  tons  of 
pig-iron,  and  975-1^  tons  of  bar-iron,  an  average  of  2123-1^5^  tons  of 
pig-iron  exported  yearly.  .  .  .  There  were  in  Massachusetts,  in  1784, 
76  iron-works,  many  of  them  small.  The  surveyor  of  his  Majesty's 
woods  reports  shortly  after  1750  6  furnaces  and  19  forges  for  making 
iron  in  Massachusetts.  .  .  .  Calvert  wrote  in  1737,  'that  in  Rhode 
Island  they  make  anchors  of  all  sizes  and  export  them  to  neighboring 
colonies.'  ...  In  1775  the  shipments  from  the  port  of  New  York 
were  2400  tons  of  pig-iron  and  750  tons  of  bar-iron;  and  in  1776 
they  were  800  tons  of  pig-iron  and  690  tons  of  bar-iron.  The  pig- 
iron  was  then  valued  at  £1  \^s,  sterling  and  the  bar-iron  at  £\j 
sterling  per  ton.  ...  In  1749  Pennsylvania  made  not  far  from  470 
tons  of  bar-iron  yearly.  .  .  .  There  were  also  exported  from  Phila- 
delphia, for  the  years  1771,  1772,  and  1773.  the  following  amounts  of 
pig-  and  bar-iron,  taken  together,  viz.,  2358,  2205,  and  1564  tons.  .  .  . 
In  1789  there  were  in  Pennsylvania  16  furnaces,  making  6150  tons  of 
pig-iron,  and  34  forges,  making  1800  tons  of  bar-iron  and  1000  tons 
of  castings. 

"  In  North  Carolina  no  iron  was  made  until  shortly  before  the 
Revolution,  and  then  they  had  i  furnace  and  i  forge.    The  first  iron- 
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works  was  built  in  South  Carolina  only  two  years  before  the  Revolu- 
tion. 

"  In  accordance  with  the  act  of  23  George  II.  (1749),  the  governors 
of  all  the  American  colonies  returned  the  number  of  rolling-  or  slitting- 
mills,  plating-forges,  with  tilt-hammers  and  steel-works,  in  their  dis- 
trict. Massachusetts  Bay  had  2  slitting-mills,  i  plating-forge,  and  i 
steel-furnace ;  Connecticut,  6  plating-forges  and  i  steel-furnace ;  New 
York,  I  plating-forge,  not  in  use,  and  i  steel-furnace ;  Maryland,  1 
plating-forge,  with  2  tilt-hammers;  New  Jersey,  i  slitting-mill,  re- 
ported not  in  use ;  Pennsylvania,  i  slitting-mill,  i  plating-forge,  and 
2  steel-furnaces.  All  these  works  were,  of  course,  suppressed  till  the 
colonies  declared  their  independence." 


5000  tons  pig-iron. 
975    "    bar-iron. 
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1759. 
12  Furnaces  (Acrelius),  estimated    .        .        . 

12  Forges  and  i  bloomery  (Acrelius)  estimated 

1780. 
17  Furnaces  (Hasenclever),  estimated     . 
25  Forges  (Hasenclever),  estimated 
2  Steel- works  (blister),  estimated  . 


From  Mr.  Pearse's  book  it  may  be  est 
operation  about  1776, — 


6000  tons  pig-iron. 
2800    V    bar-iron. 
150    "    steel. 


mated  that  there  were  in 


In  Virginia 
"  Maryland 
**  Massachusetts 

7  Blast-i 

8 

6 

"  Rhode  Island 

I          " 

"  Connecticut  . 

.    3 

"  New  York     . 

6 

**  New  Jersey  , 

"  Pennsylvania 

«  North  Carolina      . 

5 
.    2         " 

"  South  Carolina 

.    I         " 

(< 


(( 


« 


(( 


« 


« 


If 


i( 


10 

(f 

and 

I  slitting-mill. 

8 

<f 

2             " 

7 

<f 

3 

<f 

5 

<f 

I              " 

8 

« 

I 

« 

I 

« 

or  40  blast-furnaces,  46  forges,  and   4  slitting-mills,  with   a  total 
capacity  of  20,000  tons  of  pig-iron  and  5000  tons  of  bar-iron. 

From  Mr.  Swank's  Reports  for  1876  and  1877  the  following  statis- 
tics have  been  obtained.  The  quantity  of  colonial  iron  exported  to 
England  in  1775  and  1776,  as  compiled  from  Scrivenor's  History  of 
the  Iron  Trade ^  was : 


1775 
1776 


^    pig-iron.  Bar-Iron. 

2996  tons  o  cwt.  2  qrs.  24  lbs.    916  tons  5  cwt.  2  qrs.  1 1  lbs. 
316  "  I  "  2  "   8  "     28  "  o  "  o  "  o  " 


In  the  year  1770,  according  to  Timothy  Pitkin,  the  following  quan- 
tities of  iron  were  exported  to  all  countries,  including  England :  Pig- 
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iron,  6017  tons,  valued  at  ^$145,628;  bar-iron,  2463  tons,  valued  at 
55178,891 ;  castings,  2  tons,  valued  at  ^158 ;  and  wrought-iron,  8  tons, 
valued  at  ^810. 

EARLY  STATISTICS  OF  FOREIGN  COUNTRIES. 
(From  Scrivenor*s  History  of  the  Iron  Trade,) 

In  Great  Britain  in  1740  there  were  59  furnaces,  making      •        •      I7r350  tons  pig-iron. 
«*  "  1788         "         85  "  .        .      68,300    "        •« 

"  "  1796         **        121  "  ,        .     125,079    "        «•  ■ 

"  "  1806         "       233  "  .        .    258,206    "        " 

In  1 718  there  was  imported  from  all  countries  into  England  17,236  tons  of  iron  of  all 
kinds. 

In  1734  there  was  imported  ^i$6  tons  of  steel. 

In  1776  there  was  imported  from  all  countries  49,856  tons  of  bar-iron  and  316  tons  of 
pig-iron. 

In  1786  there  was  imported  ^^$6^  tons  of  bar-iron. 

In  1735  there  was  exported  \o  all  countries  77,000  tons  of  iron  of  all  kinds. 
Spain  exported  to  Great  Britain,  in  1755,  969  tons. 
i<  «        «  ((  u     1786,    50    " 

Sweden  manufactured,  in  1748,  40,600  tons  of  iron  of  all  kinds. 

"  "  "     1803, 48,000        "  "         " 

««  «  "     1812, 60,000        **  "         " 

Norway  manufactured,  in  1 791,  7653  tons  of  iron  of  all  kinds. 
Russia,  in  1784,  exported  to  all  countries  about  50,000  tons  of  iron  of  all  kinds. 
France,  in  1784,  manufactured  27,700  tons  of  iron  of  all  kinds. 

**        «*  1824,  "  334,200        "  "         " 

Belgium,  in  1822,  manufactured  59,000  tons  of  iron  of  all  kinds. 
Austria,  in  1830,  in  Styria,  manufactured  20,000  tons  of  iron  of  all  kinds. 
Saxony,  in  1837,  manufactured  10,000  tons  of  iron  of  all  kinds. 
Hungary,  in  1830,  manufactured  9000  tons  of  iron  of  all  kinds. 
East  Indies,  in  1833,  manufactured  2500  tons  of  pig-iron. 

One  statistician  gives  the  amount  of  iron  of  all  kinds  made  in  Europe  in   1837  as 
1,500,000  tons. 

STATISTICS  FOR   1876. 

Cast- or  PIg-Iron  by  Countrict.  Year.  Gross  Tom.            ^"^Totol!  °* 

Great  Britain 1875  6,365,462  46.52 

United  States 1876  1,868,960  13.66 

Germany 1874  1,660,208  12.13 

France 1876  i»449>537  IO-59 

Belgium 1875  541,805  3.96 

Austria  and  Hungary    ....  1875  455i227  3.33 

Russia 1874  514.497  376 

Sweden 1875  ZS^6^S  2.56 

lAxemburg 1874  246,054  1.80 

Italy 1872  26,000  .19 

Spain             1872  1Z*OQO  .53 

Norway 1870  3,975  .03 

Mexico 1876  7,500  .06 


Year. 

Gross  Tons. 

Per  Cent,  of 
TouU. 

1876 

7i5a> 

.06 

1874 

S,ooo 

.04 

1872 

7,500 

.06 

40,000 

.29 

10,000 

.07 

50.000 

.36 
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Cast-  or  Pig-iron  by  Countries. 

Canada  .... 

Japan 

Switzerland 

Turkey  in  Europe  and  Asia  . 
Australasia  .... 
All  other  countries 

Total  . 13,682,750  100.00 

The  world's  production  of  pig-iron,  from  the  latest  returns,  in  tons  of  2240  lbs.  13,682,750 

Whole  number  of  completed  blast-furnaces  in  the  United  States,  Jan.  I,  1876  .  713 

Annual  capacity  of  all  the  furnaces,  in  net  tons 5f439»230 

Whole  number  of  rolling-mills,  January  i,  1876  ....••  332 
Whole  number  of  single  puddling-furnaces  (each  double  furnace  counting  as 

two  single  ones) 4>475 

Total  annual  capacity  of  all  rolling-mills  in  finished  iron,  net  tons  (including 

rails) 4,189,760 

Annual  capacity  of  all  the  rail-mills  in  heavy  rails,  net  tons     .        .         ...  1,940,300 

Number  of  Bessemer  steel- works,  January  I,  1876 11 

Annual  capacity  in  ingots,  net  tons 500,000 

Number  of  Bessemer  converters 24 

Number  of  open-hearth  steel- works,  January  i,  1876 16 

Number  of  open-hearth  furnaces* .  22 

Annual  capacity  in  ingots,  net  tons 45»ooo 

Number  of  crucible  and  other  steel-works,  January  i,  1876      ....  39 

Annual  capacity  of  merchantable  steel,  net  tons 108,250 

Of  which  there  are  of  crucible  steel,  in  net  tons       ......  45»ooo 

Number  of  Catalan  forges,  making  blooms  direct  from  the  ore,  Jan.  I,  1876    .  39 

Annual  capacity  in  blooms  and  billets,  net  tons 59,450 

Number  of  bloomeries,  January  i,  1876,  making  blooms  from  pig-iron     .        .  59 

Annual  capacity  in  blooms,  net  tons         •••.••••  60,200 

Iron  and  Steel  Production  of  the  United  States  in  1876^  in  net  tons  of  2000  pottnds, 

Hg-iron 2,093,236 

All-rolled  iron 1,509,269 

Bessemer  steel  ingots 525,996 

Crucible  cast-steel     ..........  39,3^2 

Open-hearth  steel 21,490 

All  other  steel 10,306 

Blooms  from  ore  and  pig-iron 44,628 

Domestic  exports  of  iron  and  steel,  and  manufactures  thereof,  from  the  United 
States  to  all  countries  during  the  calendar  year  1876,  currency  value    •        ^I5i997)643 


*  There  were  but  18  open-hearth  furnaces  in  use  for  the  manufacture  of  steel. 
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CONCLUSIONS, 

In  the  foregoing  description  of  the  exhibits  and  of  the  state  of  the 
art,  it  has  been  so  far  attempted  to  discuss  the  past  and  further  devel- 
opment of  the  manufacture,  that  a  brief  recapitulation  of  the  implied 
conclusions  will  fulfill  the  objects  of  this  paper: 

1.  From  a  technical  point  of  view  it  should  appear  that  the  chief 
iron-manufacturing  countries  of  the  world  are,  to  a  certain  extent, 
keeping  pace  with  one  another  in  their  general  results.  About  the 
same  output,  not  of  works  selected  at  random,  but  of  large  districts  in 
all  these  countries,  is  beginning  to  be  got  out  of  a  unit  of  labor  and 
a  unit  of  material.  Furnaces,  Bessemer  works,  and  rolling-mills  are 
not  indeed  equally  well  planned  and  run,  but  in  no  district  is  every- 
thing either  very  well  or  very  badly  done.  Protection,  trades-unions, 
the  development  of  cheaper  transportation,  the  opening  of  new  markets, 
and  various  other  causes  must  of  course  largely  affect  the  manufac- 
ture in  its  commercial  features,  but  in  its  technical  features  there  is  a 
growing  and  general  adoption  of  improvements,  wherever  developed; 
there  is  less  conservation  of  what  is  bad  and  more  giving  and  taking 
of  what  is  good.  Indeed,  a  truly  scientific  feeling  is  beginning  to 
actuate  manufacturers  at  large,  and  while  it  prevents  any  one  from 
getting  a  great  advantage  over  all  his  competitors,  it  benefits  the 
public  at  large  by  cheapening  products,  and  it  equally  benefits  manu- 
factures by  enlarging  the  range  of  production  because  it  is  cheap. 
For  this  reason  there  is  an  approach  to  uniform  excellence,  not  in  all 
the  special  exhibits,  but  in  the  general  display  of  different  countries. 
This  important  result  has  been  largely  developed  by  International 
Exhibitions,  and  equally  by  the  transactions  and  social  meetings  of 
the  various  scientific  societies  connected  with  the  iron  and  steel 
manufacture. 

2.  But  while  there  is  this  general  co-operation  in  developing  and 
in  adopting  improvements,  there  are  still  some  striking  exceptions. 
Those  which  chiefly  concern  us  in  the  United  States,  as  indicated  by 
the  Exhibition,  are  our  comparatively  small  application  of  the  finer 
metals,  such  as  the  constructive  steels,  to  the  large  and  numerous 
uses  to  which  they  are  applied  abroad.  This  is  partly  due  to  our 
neglect  of  means  for  enlarging  and  cheapening  product,  such  as  the 
hydraulic  forging-machine,  and  it  is  partly  due  to  the  want,  in  most 
of  our  steel-works,  of  the  more  common  trains  and  shaping  ma- 
chinery for  making  these  various  products.  It  can  hardly  be  unjust 
to  the  commercial  managers  of  our  iron  and  steel  works  to  express 
the  belief  that  the  technical  managers  are  not  chiefly  responsible  for 
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this  state  of  things,  and  that  the  cost  of  preparation  for  these  enlarged 
manufactures  cannot  be  pleaded  as  a  complete  excuse  for  their  neglect. 
3.  The  more  important  directions  of  improvement  would  appear 
to  be : 

a.  In  the  Bessemer  manufacture,  the  obtaining,  by  one  or  more  of 
the  means  mentioned,  of  uniform  iron  of  proper  character  to  be  used 
directly  from  the  blast-furnace.  The  cheaper  production  also  of  such 
metals  as  manganese  and  chromium  seems  destined  to  largely  im- 
prove the  manufacture.  As  to  the  elimination  of  phosphorus  and  the 
better  removal  of  other  impurities  in  the  converter,  it  can  only  be 
said  that  the  study  of  change  of  affinities  at  different  temperatures, 
which  is  now  the  subject  of  such  important  investigation  upon 
puddling,  is  the  only  obvious  road  to  improvement. 

b.  The  open-hearth  process  seems  to  offer  a  fine  field  for  develop- 
ment in  many  directions,  chiefly  in  the  production  of  steel  castings  for 
ordnance  and  large  machinery  generally,  and  in  the  manufacture  of 
fine  steels  out  of  materials  purified  by  direct  preliminary  processes. 
The  open-hearth  plant  very  much  needs,  what  it  should  seem  that 
suitable  experiment  and  study  may  provide, — such  arrangement  and 
appliances  as  will  largely  save  labor,  and  also  better  refractory  ma- 
terials ;  in  the  latter  direction  the  use  of  water-pipes  or  jackets  as  a 
protection  for  exposed  parts  seems  most  promising. 

c.  The  direct-ore  processes  do  not  yet  show  much  evidence  of 
competing  with  mechanical  puddling  for  the  production  of  wrought- 
iron ;  but  they  give  promise  of  producing  a  cheap,  pure,  and  economic- 
ally usable  material  for  open-hearth  steel. 

d.  That  mechanical  puddling  is  rapidly  revolutionizing  the 
wrought-iron  manufacture  cannot  now  be  doubted.  So  many 
attempts  at  improving  it  are,  however,  still  in  the  stage  of  partial 
experiment,  that  the  direction  of  development  cannot  be  definitely 
foreseen.  Now  that  water-jacketing  and  various  mechanical  im- 
provements are  steadily  leading  to  larger-sized  furnaces  and  more 
regular  output,  it  should  seem  that  machinery  for  cheaply  and  power- 
fully compressing  large  balls  should  be  one  of  the  first  directions 
of  improvement.  The  notable  removal  of  phosphorus  by  means  of 
oxides  and  active  mechanical  agitation  at  low  temperatures  has  lately 
been  so  well  established  as  a  chemical  result  that  it  offers  a  challenge 
to  mechanical  engineers  with  regard  to  cheap  means  for  carrying  it 
out. 

e.  The  handling  and  rolling  of  heavy  masses,  such  as  ingots,  by 
means  of  large  trains  and  mechanical  tables,  has  been  well  carried  out 
by  two  different  systems,  which  are  both  likely  to  be  further  im- 
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proved.  The  cheaper  and  quicker  handling  by  machinery,  at  the 
train,  of  such  things  as  rails,  beams,  and  plates,  is  the  most  obvious 
and  important  direction  of  improvement,  unless  the  adaptation  of  the 
continuous  mill  to  such  products  at  once  revolutionizes  the  whole 
system  of  rolling,  which  it  theoretically  seems  quite  capable  of  doing. 

Increasingly  remarkable  as  has  been  the  progress  of  iron  metallurgy 
throughout  the  succeeding  decades  of  the  century,  and  stupendous  as 
has  been  its  advance,  commercially  and  technically,  during  the  last 
fifteen  years,  its  horizon  appears  to  be  still  extending ;  its  possibilities 
are  greater  than  ever  before ;  they  hold  out  a  higher  reward  to  the 
capitalist  no  less  than  to  the  chemist  and  to  the  engineer.  Although 
the  present  supply  of  products  may  equal  or  even  exceed  the  present 
demand,  every  department  of  the  manufacture  seems  on  the  verge  of 
a  development  which  must  largely  cheapen  the  production,  extend 
the  uses,  and  increase  the  consumption  of  iron  and  steel. 


COALS. 

BY  FREDERICK  PRIME,  Jr. 

The  representation  of  the  coal  deposits  at  the  Centennial  Exhibition 
in  Philadelphia  was  a  very  unequal  one.  It  was  to  be  expected  that 
foreign  countries  would  send  few  or  no  exhibits  of  this  class;  and 
while  visitors  were  agreeably  surprised  in  seeing  the  beautiful  series 
displayed  from  the  Dominion  of  Canada,  they  were  much  disappointed 
at  the  entire  lack  of  specimens  from  many  of  the  most  important 
districts  of  the  United  States.  The  coals  to  be  described  may  be 
classified  under  the  three  great  divisions  of  anthracite,  bituminous 
coal,  and  lignite. 

/.  ANTHRACITE, 

.Pennsylvania,  which  contains  such  important  deposits  of  this  class, 
was  very  inadequately  represented,  and  the  specimens  shown,  though 
in  some  cases  very  fine,  still  gave  a  very  imperfect  idea  of  the  im- 
portant industry  which  they  represented. 

Anthracite  coal  is  a  domestic  fuel  of  very  great  importance  to  a 
large  portion  of  the  United  States,  being  admirably  adapted  for  use  in 
the  range  and  furnace,  owing  to  its  freedom  from  smoke  and  ash,  and 
its  high  percentage  of  carbon,  combined  with  great  heating  power. 
It  usually  contains  from  85  to  92  per  cent,  of  pure  carbon  and  about 
7  to  1 1  per  cent,  of  ash  and  volatile  matter. 

"  When  exposed  to  a  high  temperature,  anthracite  coal  decrepitates. 
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but  this  does  not  interfere  with  any  of  the  uses  to  which  it  is  applicable, 
nor  is  the  coal  subjected  to  any  treatment  preparatory  to  its  being  used 
for  heating  or  smelting  purposes.  Anthracite  produces  a  flame  only 
when  the  carbonic  oxide  at  first  formed  by  combustion  in  an  insuffi- 
cient supply  of  air  is  brought  in  contact  with  more  air  and  burnt  to 
carbonic  acid.  Anthracite  is  usually  divided  into  white-ash  and  red- 
ash  coal ;  the  former  comprising  the  harder,  and  the  latter  the  softer, 
varieties.  Preference  is  usually  given  to  the  white-ash  coals  for 
smelting  purposes,  as  being  harder  and  capable  of  carrying  the  greatest 
weight  of  ore  and  flux,  and  at  the  same  time  giving  the  greatest  in- 
tensity of  heat,  which  latter  is  necessary  to  insure  proper  fluidity  of 
the  mass  charged  into  a  blast-furnace.  Red-ash  coals  contain  a  little 
ferric  oxide,  which  imparts  a  red  color  to  the  ash.  They  are  more 
easily  kindled  and  burn  more  freely  than  the  white-ash  coals,  but  are 
more  liable  to  form  a  clinker.  For  this  reason  they  are  not  so  well 
adapted  to  purposes  which  require  a  strong  draft.  Their  especial 
adaptation  is  for  the  production  of  steam  in  large  flue  or  cylindrical 
boilers  and  general  household  use.  For  steam  purposes,  the  essential 
for  tubular  or  high-draft  boilers  is  the  non-formation  of  clinker,  and 
for  low-draft  boilers  and  household  use,  heat  of  great  volume  with 
absence  of  a  large  percentage  of  ash.  For  tubular  boilers  a  moderate 
percentage  of  (not  over  15  per  cent.)  voluminous  pulverulent  ash  is 
of  great  advantage.  Such  an  ash  is  to  a  great  extent  conveyed  from 
the  furnace  by  the  draft,  and  carries  with  it  a  large  amount  of  heat, 
which  it  gives  out  by  contact  with  the  flues  much  more  efficiently 
than  do  the  hot  gases."  Its  value  as  a  domestic  fuel  being  so  ex- 
tended, it  is  carried  great  distances  to  be  used  for  these  purposes. 

The  anthracite  region  of  Pennsylvania  is  usually  divided  into  three 
parts,  called  respectively  the  first,  second,  and  third  coal-fields.  The 
whole  is  situated  in  the  counties  of  Luzerne,  Carbon,  Schuylkill, 
Northumberland,  Dauphin,  and  Columbia. 

The  coal-measures  within  this  region  are  almost  universally  sur- 
rounded by  two  mountain  ridges,  the  exterior  one  of  which  consists 
of  the  sub-carboniferous  sandstone,  called  vespertine  by  the  Pennsyl- 
vania geologists.  This  is  separated  from  the  interior  ridge  by  a  more 
or  less  narrow  valley  of  easily  decomposing  red  shale,  overlying  which 
occurs  the  true  conglomerate,  holding  in  its  bosom  the  valleys  in 
which  the  anthracite  is  found.  These  two  series  of  ridges  were  the 
efficient  protectors  of  the  coal  from  the  denuding  agents  which  re- 
moved it  from  the  present  intervening  barren  districts,  which  separate 
the  different  anthracite  basins  from  each  other  and  from  the  bituminous 
coal-fields  of  Central  Pennsylvania. 
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From  the  first,  southern,  or  Schuylkill  coal-field,  the  only  represent- 
atives were  Cooper,  Hewitt,  &  Co.  and  the  Hickory  Coal  Company. 

Cooper,  Hewitt,  &  Co.  exhibited  but  a  single  lump  of  coal,  fi-om 
their  colliery  at  New  Philadelphia.  They  work  two  of  the  upper 
red-ash  seams,  which  are  more  especially  adapted  for  steam-producing 
and  household  use,  as  they  burn  freely  and  rapidly  and  with  more 
flame  than  the  white-ash  coals. 

The  exhibit  of  the  Hickory  Coal  Company  was  a  handsome  one, 
consisting  of  a  large  block  of  coal  weighing  about  eight  tons,  and 
of  lumps  of  coal  of  various  sizes,  broken  for  domestic  use.  They 
sell  their  coal  chiefly  for  the  purpose  just  stated,  and  for  raising  steam. 

It  is  much  to  be  regretted  that  of  the  collieries,  about  eighty  in 
number,  actively  engaged  in  exploiting  this  basin,  the  above  named 
should  have  been  the  only  exhibitors. 

The  coals  of  this  field  vary  much  in  character,  in  passing  from  the 
east  to  the  west.  In  the  extreme  western  portion  of  the  field,  the 
coals  assume  much  more  the  characteristics  of  a  semi-anthracite, 
being  richer  in  hydrogenous  gases,  burning  with  far  more  flame,  and 
even,  at  times,  semi-caking  together.  So  that  while  the  anthracite 
from  the  eastern  portion  of  the  field  is  much  sought  after  for  iron- 
smelting  purposes,  that  in  the  middle  and  western  portion  is  better 
adapted  for  steam-raising  and  domestic  use. 

The  second,  or  middle  coal-field,  really  consists  of  the  larger  Sha- 
mokin  and  Mahanoy  basins,  and  numerous  smaller  ones,  known  as 
the  Lehigh  basins.  It  lies  about  ten  miles  from  and  nearly  parallel 
to  the  first  coal-field. 

There  were  but  two  exhibits  from  the  most  western,  or  Shamokin 
basin,  which  were  made  by  the  Excelsior  Coal  Company,  of  Excelsior, 
Northumberland  County,  and  the  Reading  Coal  &  Iron  Company. 
The  exhibit  of  the  former  consisted  of  the  various  sizes  of  coal  they 
send  to  market,  which  seemed  to  be  exclusively  for  domestic  use. 

The  Reading  Coal  &  Iron  Company  exhibited  coal  from  the  Locust 
Spring  Colliery,  taken  out  of  the  Mammoth  bed,  here  17  feet  thick. 
They  gave  numerous  analyses  of  the  different  branches,  from  which 
the  following  are  selected : 


I.  Average  of  whole  bed. 

Moisture 

Volatile  combastible  matter 

Fixed  carbon  . 

Ash         ...        . 

Sulphur  .... 


II.  Average,  including  top  bench. 


I. 
1.29 

3-40 
89.65 

5-34 
0.32 


II. 
1.24 
2.14 

91-45 
4.98 

0.19 


100.00 


100.00 
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The  exhibitors  from  the  Mahanoy  basin  were  Theodore  Garretson, 
of  the  Girard  Colliery;  the  Hickory  Coal  Company,  at  Gilberton  ;  and 
the  Reading  Coal  &  Iron  Company.  The  former  exhibited  a  lump 
of  coal  weighing  about  3  tons,  as  well  as  specimens  of  prepared 
coal ;  while  the  Hickory  Coal  Company  exhibited  a  block  weighing 
14  tons  13  cwt,  and  specimens  of  coal  prepared  for  domestic  use. 

The  display  of  the  Reading  Coal  &  Iron  Company  was  a  very  fine 
one.  It  exhibited  a  fine  shaft  of  coal  in  the  Government  Building, 
44  feet  high,  showing  the  total  thickness  of  the  Mammoth  bed  at  the 
Plank  Ridge  Colliery,  of  which  40  feet  1 1  inches  are  good  coal,  i  foot 
8  inches  bony  coal,  and  the  rest  interbedded  slate.  It  also  exhibited 
specimens  of  all  the  beds  of  coal  which  occur  in  this  basin,  viz.: 

I.  Little  Tracy  Bed,  4  feet  6  inches  thick ;  from  EUangowan  Colliery. 

II.  Big  Tracy  "     7    "    2      "  *«  "  "  " 

III.  Diamond  "    11    "    6      "  "  "  ••  " 

IV.  Orchard  "     8    "  10      "  "  "  ««  " 
V.  Primrose            "    13    "    9      "         "          "    Knickerbocker  " 

VI.  Mammoth  "   37  "  6  "  "  "  EUangowan        " 

VII.  Skidmore  "     4  "  o  *•  "  "  North  Mahanoy  *• 

VIII.  Seven-Foot        "     7  "  o  "  *«  "  "  «« 

IX.  Buck  Mountain "    13  «  o  "  "  "  West  Shenandoah  Colliery. 

Analyses  of  these  coals  furnished  by  the  company  gave  the  following 
result : 

I.  II.         III.        IV.         v.         VI.       VII.      VIII.       IX. 

Moisture z.960  x.500  z.480  i.gao  x.440  x.350  x.aoo  x.350  z.030 

Volatile  combustible  matter       .     3.240  3.600  3.220  3.480  t.460  0.530  2.640  1.4x0  9.970 

Fixed  carboa      ....  86.373  83.6x9  85.3x6  88.03a  93.503  96.X99  89.576  90.986  88.X47 

Ash 8.300  XX.350  9.700  6.330  3.360  X.900  6.250  6.oao  7.200 

Sulphur o.t28  0.03  X  0.284  0.338  0.238  o.oax  0.334  0.334  0.663 


xoo.oo    zoo.oo    zoo.oo    xoo.oo    xoo.oo     zoo,oo    100.00    xoo.oo    xoo.oo 
Lbs.  of  water  evaporated  by  x 
lb.  coal ZX.I9      ZX.70        8.8a      xo.34      xx.oo      xo.36      zo.60      zo.40      zo.xo 

These  coals,  while  very  well  adapted  for  domestic  purposes,  are  also 
employed  for  cupola  and  foundry  use ;  but  it  is  a  matter  still  somewhat 
in  dispute,  whether  these  coals  are  as  well  adapted  for  the  latter  pur- 
poses as  those  from  the  Lehigh  basins  or  the  eastern  portion  of  the 
Schuylkill  coal-field. 

The  Hazleton  basin — ^the  largest  of  the  Lehigh  basins — was  repre- 
sented by  a  shaft  of  coal,  from  A.  Pardee  &  Co.'s  lands,  showing  the 
thickness  of  the  Mammoth  bed  at  this  point.  It  was  31  feet  high, 
and  formed  a  striking  object  at  the  Exhibition. 

From  the  Black  Creek  basin  there  were  two  exhibitors.  Van 
Wickle,  Stout,  &  Co.,  who  exhibited  specimens  of  lump  and  prepared 
coal  from  Ebervale ;  and  the  Harleigh  Coal  Company,  of  Harleigh, 
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who  exhibited  a  lump  of  anthracite,  weighing  8  tons,  as  well  as  a  case 
of  various  sizes  of  prepared  coals. 

The  coal  from  the  various  Lehigh  basins  is  much  esteemed  for  the 
blast-furnace,  as  well  as  for  foundry  and  domestic  use.  The  coal  from 
the  Mammoth  bed  is  especially  sought  after  for  the  blast-furnaces.  It 
is  this  coal,  combined  with  the  limonite  ores  from  the  Great  Valley 
and  the  magnetic  ores  from  New  Jersey,  which  have  given  the  high 
reputation  to  the  pig-iron  produced  in  the  Lehigh  Valley.  It  is  much 
to  be  regretted  that  of  the  many  collieries  situated  in  the  various 
basins  of  the  second  coal-field,  so  few  should  have  been  represented. 
Still  greater  is  the  regret  with  respect  to  the  Wyoming  basin,  from 
which  there  was  not  a  single  exhibit. 

In  mining  anthracite  it  is  divided  into  the  following  sizes,  viz.. 
Lump,  Steamer,  Broken,  Egg,  Stove,  Chestnut,  and  Pea  Coal. 

The  brittle  nature  of  anthracite  occasions  a  very  large  amount  of 
waste  in  mining  the  coal.  The  character  of  the  material  from  which 
the  waste  is  formed  is  such  as  to  give  us  a  mixture  of  fine  anthracite 
too  small  to  be  merchantable,  earthy  matter,  slate,  and  rock.  Until 
recently,  little  or  no  attempt  has  been  made  to  utilize  this  waste, 
and  the  result  has  been  the  accumulation  of  enormous  heaps  of  use- 
less material  near  the  opening  of  each  mine.  Some  of  these  heaps 
have  been  accumulating  many  years,  ever  since  the  commencement 
of  anthracite  mining ;  and,  as  they  have  been  exposed  to  atmospheric 
action,  their  value  for  heating  purposes  has  been  diminished.  Besides 
which,  in  dealing  with  these  masses  as  fuel,  it  has  become  necessary 
to  overcome  the  difficulties  incident  to  their  containing  all  the  ele- 
ments for  the  ready  production  of  ash  and  clinker,  and  their  incapa- 
bility for  producing  an  active  fire  on  the  ordinary  grate. 

In  order  to  utilize  this  material,  it  is  necessary  either  to  consume  it 
on  a  grate  as  it  is,  or  else  to  employ  some  process  that  shall  give  a 
product  of  a  size  convenient  for  use.  In  either  case  care  must  be 
taken  to  prevent  as  far  as  possible  the  formation  of  large  masses  of 
clinker,  as  well  as  to  dispose  of  the  ash.  The  first  of  these  two 
methods  requires  a  grate  of  peculiar  construction,  which  shall  at  once 
retain  and  consume  the  fuel,  while  peculiar  appliances  are  made  use 
of  to  insure  the  passage  of  the  air  through  the  fire-bed,  as  well  as  its 
proper  contact  with  the  fuel.  This  is  the  method  proposed  by  Mr. 
John  E.  Wooten,  but  not  represented  at  the  Exhibition.  The  second 
method  was  represented  by  three  exhibits,  viz.,  those  of  the  Loiseau 
Pressed  Fuel .  Company,  of  Jotham  Newton,  and  of  the  Anthracite 
Fuel  Company. 

The  Loiseau  Pressed  Fuel  Company  made  its  exhibit  in  a  separate 
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pavilion,  close  to  Machinery  Hall,  where  it  showed  the  fuel  burn- 
ing in  grates.  The  fuel,  as  prepared,  is  about  the  size  of  a  small 
hen's  egg,  and  rather  resembles  it  in  shape,  the  weight  of  each  lump 
being  two  and  a  half  ounces.  This  company  claims  to  be  the  first 
which  has  manufactured  artificial  fuel,  for  domestic  use,  from  coal- 
waste  by  mechanical  processes  on  a  commercial  scale.  The  method 
adopted  for  the  manufacture  of  this  fuel  is  the  following:  the  an- 
thracite coal-dust  is  dumped  on  a  covered  platform,  under  which  is  a 
screen  having  a  one-inch  mesh.  This  screen  receives  a  rapid  back- 
and-forth  motion,  and  screens  the  coal,  delivering  the  dust  under 
a  chain  elevator,  which  raises  and  discharges  it  into  a  bin.  The 
potter's  clay,  which  is  used,  is  dried  in  an  oven,  and  then  ground 
in  a  Baugh  grinding-mill,  and  delivered  in  a  powdered  state  in  a 
pocket  alongside  of  the  coal-bin.  In  the  same  room  is  an  iron 
tank  6  feet  high  and  6  feet  in  diameter,  in  which  is  prepared  a  com- 
position of  lime,  rye  flour,  and  water,  which  is  discharged  in  a  liquid 
state  into  a  wooden  reservoir  placed  under  the  coal-  and  clay-bins. 
In  front  of  these  pockets  is  a  distributer,  by  means  of  which  95  per 
cent,  of  coal-dust  and  5  per  cent,  of  clay  are  continually  and  mechan- 
ically taken  out  of  the  bins,  delivered  under  a  chain  elevator,  and 
there  sprinkled  through  a  perforated  pipe  with  the  liquid  from  the 
wooden  tank.  All  the  materials  which  are  to  form  the  fuel,  having 
been  thus  brought  together,  are  carried  by  the  elevator  to  the  mixing- 
machine.  This  machine  has  a  capacity  of  six  tons,  and  it  delivers 
through  two  openings  at  the  bottom,  regulated  by  hand-wheels,  the 
materials,  on  a  leather  belt,  three  feet  wide,  which  carries  and  dis- 
charges them  into  the  hopper  of  the  press,  between  two  rollers.  On 
the  faces  of  these  are  milled  out  semi-oval  cavities,  connected  by 
small  channels.  They  mould  the  fuel  into  the  shape  of  eggs,  and  de- 
liver it  on  to  an  endless  wire-cloth  belt,  which  enters  the  drying  oven 
on  top.  In  this  oven,  which  is  built  of  brick,  86  feet  long,  14  feet 
wide,  and  26  feet  high,  there  are  five  endless  wire-cloth  belts,  geared 
together,  and  traveling  in  opposite  directions.  This  oven  is  heated, 
by  a  fire  at  each  end,  to  a  temperature  of  250°  to  300°  Fah.  The 
fuel,  entering  at  the  top,  travels  five  times  the  length  of  the  oven,  at 
a  speed  of  twelve  feet  |per  minute,  falling  from  one  belt  to  another, 
and  finally  coming  out  perfectly  dry  on  the  lowest  belt,  which  enters 
the  water-proofing  building.  In  this  building  the  lumps  of  fuel  are 
discharged  into  a  tank  containing  rosin  or  paraflfine  dissolved  in  crude 
benzine.  In  the  same  tank  travels  a  wire-cloth  belt,  on  which  the 
lumps  are  discharged  from  the  lower  belt  which  comfes  from  the^ oven. 
In  this  manner  the  lumps  of  fuel  are  immersed  in  the  water-proofing 
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liquid  while  the  belt  curves  into  the  tank,  and  the  same  lumps  are 
then  carried  into  the  evaporating  oven,  where  all  the  vapors  of 
benzine  are  collected,  and  carried  through  large  pipes  into  a  long 
condensing  coil.  The  benzine,  thus  condensed,  returns  to  the  tank, 
while  the  coal,  perfectly  dried,  is  ready  for  market.  The  capacity  of 
the  present  works,  erected  at  Port  Richmond,  in  Philadelphia,  is 
stated  by  the  company  to  be  100  tons  per  day.  The  fuel,  as  seen  at 
the  Exhibition,  burned  well,  leaving,  of  course,  the  residuum  of  clay  as 
ash,  together  with  any  solid  impurities  which  the  coal  might  possibly 
contain. 

Jotham  Newton,  of  New  York  City,  exhibited  specimens  of  fuel 
prepared  under  his  patents.  The  specimens,  cup  shaped,  were  a  mix- 
ture of  anthracite  slack  with  some  bituminous  substance.  In  answer 
to  inquiries  addressed  him,  Mr.  Newton  said  his  process  was  the  fol- 
lowing :  Anthracite  coal-dust  is  mixed  with  coal-tar  or  asphaltum, 
or  a  mixture  of  both,  to  an  extent  sufficient  to  render  the  mass  pasty, 
after  which  it  is  pressed  into  any  shape  desired.  It  is  then  retorted 
at  a  very  low  red  heat.  The  retort  must  be  so  arranged  as  to  admit 
a  small  amount  of  air  at  the  commencement  of  the  operation  in  order 
to  induce  combustion,  which  is,  of  course,  at  the  expense  of  a  portion 
of  the  coal.  This  is  nothing  more  than  applying  the  principle  of 
charcoal-burning,  where  combustion  is  produced  at  the  expense  of 
the  wood.  As  the  walls  of  the  retort  have  become  hot,  much  less  air 
is  required  in  the  charges  subsequent  to  the  first,  consequently  less 
coal  is  consumed.  When  gas  ceases  to  be  evolved  the  operation  is 
completed,  and  the  charge  can  be  drawn.  The  object  of  retorting  is 
twofold:  First,  to  distill  over  all  volatile  products,  including  the  coal- 
tar.  This  last  is  condensed  and  saved  for  further  use,  except  about 
2.5  per  cent,  which  remains  behind  in  the  fuel  as  a  fixed  residue, 
forming  a  binding  medium  for  the  coal,  and  giving  the  retorted  mass  a 
firm  body.  Second,  to  expel  sulphur,  and  thus  produce  a  refined  coal. 
The  patent  calls  for  the  addition  of  silica,  potash,  and  alumina,  about 
2  per  cent;  but  for  what  object  it  is  somewhat  difficult  to  understand, 
as  these  substances  would  only  render  the  fuel  more  impure,  and  of 
course  reduce  its  heating  power.  In  practice,  the  patentee  claims  that 
it  is  generally  unnecessary  to  add  them,  as  they  are  present  in  the 
coal  in  sufficient  quantities. 

The  product,  as  exhibited,  was  a  coarse  coal-slack,  cemented  as 
just  described.  But  while  the  patentee  claims  that  it  is  a  firm,  com- 
pact mass,  capable  of  being  handled  in  any  manner,  this  was  not  alto- 
gether sustained 'by  experiments  made  by  the  writer  of  this  article. 
The  product  seemed  too  friable  to  stand  much  handling  without  parti- 
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cles  of  the  coal  wearing  off  from  the  lumps  in  considerable  quanti- 
ties ;  nor  is  it  a  fuel  that  will  stand  much  poking  in  the  fire,  for,  while 
the  main  portion  of  the  lump  adheres  together,  the  exterior  portions 
drop  off  on  stirring.  The  fuel,  however,  burns  freely,  without  any 
smoke  or  sulphurous  fumes,  and,  if  left  untouched,  retains  its  form 
until  entirely  consumed.  This  fuel  possesses  one  advantage  over  the 
Loiseau  process,  viz.,  that  it  contains  less  ash,  if  properly  prepared, 
but,  on  the  other  hand,  it  seems  to  be  more  friable.  This  fuel  has 
not  as  yet  been  produced  on  a  manufacturing  scale. 

The  Anthracite  Fuel  Company,  of  Rondout,  New  York,  exhibited 
fuel  manufactured  under  the  Endres  patents  of  1875  and  1876.  It 
is  prepared  by  combining  anthracite  culm  with  the  bitumen  of  coal- 
tar,  or,  as  commercially  termed,  "  fuel-pitch."  The  works  are  located 
at  Port  Ewen,  one  mile  below  Rondout,  on  the  Hudson  River. 
Canal-boats,  which  convey  the  anthracite  culm  from  the  mines,  are 
brought  under  an  elevator,  which  has  a  discharging  capacity  of  30 
tons  per  hour,  and  the  culm  is  discharged  and  distributed  to  two 
receivers  of  260  tons  capacity  each.  Thence  it  is  automatically  fed 
to  the  conveyers,  whence  it  goes  to  the  dry  mixers,  where  it  meets 
the  pitch.  Here  the  two  are  mixed  in  the  proportions  of  10  parts 
of  fuel-pitch  with  lOO  parts  of  anthracite  culm.  The  pitch  has  to 
be  first  prepared  for  mixing.  For  this  purpose,  between  the  two 
culm  receivers  there  is  erected  a  pitch  receiver  of  140  tons  capacity, 
from  the  bottom  of  which  the  pitch  drops  into  a  crusher,  composed, 
first,  of  a  pair  of  heavy  rollers  with  prismatic  teeth,  below  which 
is  a  pair  of  supplementary  rollers,  with  corrugated  faces,  for  still 
finer  reduction.  The  peculiar  consistency  of  the  material  requires 
that  it  shall  be  knocked  to  pieces  by  concussion  instead  of  being 
crushed  by  ordinary  impinging  surfaces.  From  the  bottom  of  the 
crusher-pit  the  pitch  is  elevated  and  distributed  to  two  smaller  re- 
ceivers, from  whence,  by  an  automatic  feeder,  it  is  fed  in  exact  pro- 
portion to  the  culm  moving,  no  matter  what  the  speed  of  the  latter 
may  be.  After  the  culm  and  pitch  have  been  mixed,  the  material  is 
carried  to  the  fusing  cylinder,  where  superheated  steam  is  applied, 
causing  a  rapid  melting  of  the  fuel-pitch,  and  the  mass  then  passes  at 
once  to  the  moulding-tables.  In  passing  through  these  it  is  subjected 
to  a  pressure  of  60,000  pounds,  and  comes  out  in  rectangular  bricks, 
weighing  about  15  pounds  each,  which  are  delivered  on  the  web  of  an 
endless  chain,  by  which  they  are  conveyed  to  boats,  ready  for  use. 
The  plant,  which  includes  two  machines,  each  with  a  capacity  of  100 
tons  every  ten  hours,  is  entirely  automatic.  It  is  said  that  a  ton  of 
culm  can,  in  ten  minutes  after  leaving  the  canal-boat,  be  changed  into 
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solid  blocks  of  coal  ready  for  shipment  The  motive-power  of  the 
works  is  a  200  horse-power  Corliss  engine,  supplied  by  two  McEntee 
&  Dillon's  tubular  boilers,  6  by  16,  lOO  horse-power  each.  The  com- 
pany commenced  operations  in  January,  1876,  and  the  production  for 
the  season  of  1876,  while  the  canal  was  open,  is  said  to  have  been 
25,000  tons.  The  use  of  this  fuel  has  thus  far  been  confined  entirely 
to  locomotive  steaming  purposes,  and  will  probably  be  confined  to 
this.  It  cannot  compete  with  lump  anthracite,  at  the  present  low 
price  of  the  latter,  save  in  exceptional  cases.  It  is  said,  however,  to 
be  a  steaming  coal  of  uniformly  high  average,  and  well  adapted  to 
the  combustion  of  bituminous-burning  engines,  so  that  several  roads 
have  preferred  it  to  soft  coal,  as  being  cheaper  and  better.  During 
1876  it  was  supplied  to  six  railroads  in  New  York  and  Connecticut. 
The  reports  of  the  roads  using  it  praise  the  fuel  for  its  high  steam- 
ing quality  and  freedom  from  impurity  and  clinker.  As  to  relative 
performance  and  economy,  the- data  would  seem  to  indicate  all  the 
way  from  12  per  cent,  below  to  5  per  cent,  above  the  average  of  bitu- 
minous and  anthracite  coals  used  for  the  same  purpose.  The  Ulster 
&  Delaware  Railroad  reported  on  four  months*  cost  of  fuel  for  1876 
a  saving  of  5  per  cent,  over  the  same  period  in  the  previous  year, 
during  which  time,  however,  they  had  been  burning  anthracite  at  in- 
flated prices.  This  road  has  severe  grades,  and  prefers  this  patent  fuel 
to  lump  anthracite,  because  it  can  haul  equal  loads  and  make  its  time 
without  failure. 

The  Connecticut  Western  Railroad,  on  a  careful  comparison  of 
130  tons,  reported  that  this  fuel  accomplishes  about  10  per  cent,  less 
than  Cumberland  coal. 

Mr.  J.  M.  Toucey,  Superintendent  of  the  Hudson  River  Railroad, 
made  a  careful  comparison,  in  May  and  June,  1876,  between  anthracite 
fuel  and  coke  in  the  Grand  Central  depot  engines,  resulting  in  a  con- 
sumption of  88.500  pounds  of  coke  against  74,800  pounds  of  fuel.  The 
price  of  the  two  is  said  to  have  been  such  as  to  make  the  economy  in 
favor  of  the  latter  equal  to  1 5  per  cent. 

Mr.  R.  C.  Blackali,  Superintendent  of  Machinery  of  Delaware  and 
Hudson  Railroads,  made  a  comparative  test,  in  August,  1876,  with  the 
same  engine,  on  the  Rutland  &  Washington  Branch  of  the  Rens- 
selaer &  Saratoga  Railroad.  Result:  756  miles  run;  consumption 
of  bituminous  coal,  18,050  pounds,  97  miles  per  ton  ;  anthracite  fuel 
used,  18,300  pounds,  94  miles  per  ton. 

A  recent  trial  was  made  of  this  fuel  on  the  Western  Division  of  the 
Boston  &  Albany  Railroad,  with  the  following  result :  Regular 
freight  train  from  East  Albany  to  Pittsfield  and  return, — anthracite 
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fuel  used,  7502  pounds ;  average  of  Cumberland  coal  (best  quality) 
used  for  five  days  previous,  same  service,  7800  pounds. 

This  fuel  is,  so  far  as  the  writer  of  this  report  can  ascertain,  the  only 
fuel  which  has  been  introduced  into  practical  use  in  this  country. 
There  is  nothing  new  in  the  process,  it  having  been  long  since  intro- 
duced into  Europe.  The  only  advantages  that  this  company  possess 
lie  in  the  mechanical  details  of  preparing  and  handling,  which  are 
much  simpler  and  more  economical  than  those  used  elsewhere.  In 
conclusion,  it  may  be  stated,  with  respect  to  all  the  fuels  prepared 
from  anthracite  culm,  that  their  economical  manufacture  is  based  on 
obtaining  the  fine  coal  from  the  mines  either  for  nothing  or  else  at  a 
very  low  price  per  ton.  But  it  must  be  remembered  that  just  as  soon 
as  a  demand  for  this  sort  of  fuel  arises  so  soon  does  it  have  a  value, 
and  that  as  quickly  as  this  value  touches  a  certain  point  it  then  becomes 
impossible  for  the  artificial  fuels  to  compete  with  the  lump  anthracite. 
Nor  can  they  do  this  even  when  the  culm  is  obtained  for  a  mere 
song  when  the  price  of  anthracite  is  very  low.  Consequently,  it  is 
very  probable  that  the  manufacture  of  these  artificial  fuels  will  for 
many  years  be  limited,  both  as  to  quality  and  the  purposes  for  which 
they  are  used. 

The  Mining  Department  of  Russia  exhibited  a  series  of  anthracite 
coal  from  the  Government  of  Ekaterinoslaw,  which  is  situated  just 
north  of  the  Sea  of  Azof.  This  series  were  taken  from  the  following 
localities : 

I.  Anthracite  from  the  estate  of  Mr.  Bulazel. 
II.  Anthracite  from  the  left  bank  of  the  river  Cundrutchja ;  bed  2  feet  4  inches  thick. 

III.  Anthracite  from  the  ravine  Shirokaja,  on  the  river  Krinka,  near  the  village  of 

Charziskaja ;  bed  4  feet  I  inch  thick. 

IV.  Anthracite  from  the  ravine  Philipowa,  near  the  village  of  Tchistjakowa;  bed  4 

feet  I  inch  thick. 
V.  Anthracite  from  the  ravine  Perwi  lar,  on  the  river  Olchowaja,  near  the  village 

of  Oolawa ;  bed  4  feet  I  inch  thick. 
VI.  Anthracite  from  the  ravine  Pogorelaja,  on  the  river  Sowostjanka;  bed  2  feet  11 

inches  thick. 
VII.  Anthracite  from  the  ravine  Wodjanaja,  on  the  river  Chrustalnaja,  near  the  village 
of  Chrustalnaja ;  bed  2  feet  4  inches  thick. 
VIII.  Anthracite  near  the  village  of  Malokrepinskoi ;  bed  3  feet  6  inches  thick. 
IX.  Anthracite  from  the  ravine  Libimaja,  near  the  village  of  Rowenec;  bed  4  feet  i  inch 
thick. 

I.  II.        III.       IV.         V.         VI.      VII,     Vin.      IX. 

Volatile  matter       .        .        .        8,ia        5.84        7.67        7.86        5.73        7.76        ()M        5.43 

Fixed  carboa 86.68      91.91      88.89      89.9a      9X-73      5^0.13      88.93      $^0.39 

A<h S.ao        3.35        3.44        3.93        3.53        3. IX        4.46        4.19 

•       xoo.oo     xoo.oo     xoo.oo     xoo.oo    xoo.oo     100.00     100.00     xoo.oo 

Sulphtir  .        •        .        .        •        3.89        1-397      8,53        X.50        X.06        0.984       X.09 


\ 
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In  the  Japanese  Catalogue  it  is  stated  that  a  sort  of  coal  occurs  on 
the  west  side  of  Kiushiu  which  is  very  much  like  anthracite ;  also, 
that  the  coal  found  in  Kii  and  Owari  is  of  a  similar  kind. 


//.  BITUMINOUS, 

Bituminous  coal  is  usually  divided  into  bituminous  and  semi* 
bituminous,  caking  or  coking,  open  burning  or  splint  coal,  and  cannel. 
Bituminous  coal  includes  all  varieties  of  true  stone-coal  which  con- 
tain more  than  20  per  cent,  of  volatile  combustible  ingredients ;  semi- 
bituminous,  all  those  (excluding  anthracites)  which  contain  less  than 
this  amount.  Caking  or  coking  coal  comprises  those  varieties  which 
cohere  and  form  a  solid  mass  on  exposure  to  heat, — as  it  were,  semi- 
fusing  together.  Open-burning  or  splint  coal  (sometimes  called  block 
coal  from  its  breaking  in  cubes)  includes  all  those  varieties  which  do 
not  cohere  on  exposure  to  heat,  but  gradually  diminish  and  disappear 
on  combustion  without  losing  their  original  shape. 

Cannel  coal  is  a  variety  which  usually  has  a  more  distinctly  lami- 
nated structure  than  ordinary  bituminous  coal,  and  it  has  a  finer  and 
more  compact  texture.  It  is  characterized  by  greater  homogeneity  in 
physical  structure  and  chemical  composition,  and  has  a  more  laminated 
fracture,  which  is  conchoidal  across  the  planes  of  stratification  in  pure 
specimens.  It  contains  more  earthy  and  more  volatile  combustible 
matter,  less  carbon,  and  evolves  gases  having  a  higher  illuminating 
power. 

CANADA. 

The  exhibit  from  the  Dominion  of  Canada  was  from  the  island  of 
Cape  Breton,  Pictou,  and  Cumberland.  It  was  a  very  fine  one,  con- 
sisting for  the  most  part  of  columns  of  coal,  showing  the  thickness 
of  the  seams,  and  was  only  equaled  by  the  display  from  West 
Virginia. 

The  coals  from  Cape  Breton  were  exclusively  from  the  eastern,  or 
Sydney,  coal-field.  This  is  divided  into  several  small  basins,  the 
chief  of  which  are  those  at  Sydney,  at  Glace  Bay,  and  at  Cow  Bay. 
These  three  basins,  more  especially  the  two  latter,  vividly  call  to  mind 
the  prows  of  vessels  which  have  been  driven  ashore ;  they  form,  in- 
deed, the  western  extremities  of  the  coal-field  which  extends  under 
the  Atlantic  and  terminates  on  the  western  coast  of  Newfoundland. 

The  exhibitors  from  the  Sydney  basin  were  R.  H.  Brown,  General 
Manager  of  the  Sydney  Mines,  and  J.  W.  Fraser,  of  the  Victoria 
Mine. 

The  coal  from  the  Sydney  Mines  is  chiefly  used  for  domestic  pur- 
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poses ;  it  contains  a  great  deal  of  sulphur  in  the  form  of  pyrite,  which 
unfits  it  for  many  purposes ;  it  is  very  inferior  in  quality  to  the  coals 
which  occur  south  of  Sydney  Harbor. 

The  Victoria  Mine  is  worked  on  a  seam  which,  while  6  feet  lO 
inches  thick,  yields  five  and  a  half  feet  of  good  clean  coal.  The  mine 
was  established  to  work  a  submarine  area  on  the  east  side  of  Sydney 
Harbor.  The  quality  of  the  coal  is  very  good,  and  it  is  chiefly  used 
for  domestic  and  steam  purposes,  not  being  considered  fit  for  gas. 
The  coal  leaves  but  little  ash,  and  the  slack  is  excellent  for  black- 
smiths' use. 

The  coals  from  Glace  Bay  were  represented  by  exhibits  from  the 
Big  Glace  Bay,  Caledonia,  Little  Glace  Bay,  International,  and  Gar* 
diner  Mines.  They  are  far  superior  in  quality  to  those  obtained 
north  of  Sydney  Harbor.  The  coal  from  the  International  Mine  is 
chiefly  used  for  the  manufacture  of  gas,  being  exported  for  that  pur- 
pose to  the  northern  parts  of  the  United  States.  It  is  said  to  be 
unusually  hard,  compact,  and  free  from  sulphur  and  shale,  and  to 
improve  in  quality  as  the  mine  is  worked  deeper.  Hitherto  it  has 
been  worked  too  near  the  outcrop.  It  is  stated  to  be  also  a  good 
steam  coal,  making  a  hot  fire,  and  is  certified  to  being  equal  to  the 
best  West  Hartley  coal  (North  of  England).  It  possesses,  however, 
the  serious  disadvantage  that  the  clinker  is  very  apt  to  adhere  to  the 
grate-bars. 

At  the  Little  Glace  Bay  Mine  two  coal-beds  are  worked,  called  the 
Hub  and  Harbor  seams.  The  first  of  these,  which  is  the  uppermost, 
is  lo  feet  thick,  eight  feet  of  which  are  good,  workable  coal ;  it  is 
especially  adapted  for  gas  purposes,  contains  a  very  small  proportion 
of  ash,  and  makes  an  excellent  coke,  while  the  slack  coal  is  much 
esteemed  by  blacksmiths.  The  Harbor  seam  is  5^  feet  thick,  and 
contains  more  ash  than  the  Hub.  The  coal  from  both  lights  quickly, 
raises  steam  fast,  and  burns  well ;  it  produces  a  very  moderate  per- 
centage of  ash  and  clinker.  While  burning,  these  coals  generate  a 
great  deal  of  smoke,  the  Hub  seam  somewhat  less  than  the  other; 
but  the  deposit  of  soot  by  both  kinds  is  considerable. 

The  coal  extracted  from  the  Caledonia  Mine  is  from  the  Phelan  bed, 
which  averages  8  feet  3  inches  in  thickness ;  but  the  top  bench  of 
eighteen  inches,  being  of  inferior  quality,  is  not  taken  out.  The  pro- 
portion of  ash  is  in  excess  of  most  of  the  Cape  Breton  coals,  which 
renders  it  of  inferior  value  as  a  steam  coal ;  it  is  chiefly  used  for  gas 
purposes,  for  which  it  is  well  adapted. 

The  Gardiner  Mine  extracts  its  coal  from  the  Gardiner  bed,  which 
contains  4  feet  9  inches  of  uniformly  good  coal ;  the  mine  has  been 
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opened  rather  recently,  and  it  has  been  impossible  for  the  writer 
of  this  report  to  obtain  trustworthy  information  as  to  the  quality  and 
character  of  the  coal. 

From  Cow  Bay,  exhibits  were  made  by  the  Blockhouse  Mining 
Company  and  by  the  Gowrie  Mining  Company.  The  former  of 
these  is  one  of  the  most  valuable  and  important  mines  in  the  Sydney 
coal-field,  and  has  been,  next  to  the  Sydney  Mines,  the  most  produc- 
tive. The  bed  worked  is  the  Blockhouse  seam,  which  is  9  feet 
thick,  14  inches  of  which  are  left  untouched  in  the  top  bench.  It 
yields  a  very  fine  homogeneous  coal,  free  from  partings,  and  yielding 
but  a  moderate  proportion  of  ash ;  it  contains,  however,  like  all  the 
others,  a  good  deal  of  iron  pyrites.  It  is  almost  exclusively  used  for 
the  manufacture  of  gas,  but  is,  at  the  same  time,  an  excellent  steam 
coal. 

The  Gowrie  Mining  Company  work  the  McAuIey  bed,  which  is 
5  feet  thick,  the  top  four  inches  of  which,  being  very  inferior,  are  left 
in  the  roof.  Owing  to  the  high  proportion  of  sulphur  it  contains,  it 
forms  an  inferior  gas  coal,  and  contains  almost  too  high  a  proportion 
of  ash  to  be  well  adapted  for  steam  purposes.  On  the  other  hand  it 
possesses  the  advantage  of  not  forming  clinkers. 

All  of  the  coals  which  occur  in  the  Sydney  coal-field  are  coking 
coals ;  they  are  rather  high  in  sulphur,  and  those  occurring  at  Glace 
and  Cow  Bays  are  chiefly  used  for  gas  purposes.  The  average 
analyses  of  the  coals  from  this  field  show  them  to  contain : 

Volatile  matter 33-4Si 

Fixed  carbon 61.873 

Ash 4*223 

Sulphur 2.39 

The  specific  gravity  is 1.316 

They  yield  9340  cubic  feet  of  gas  per  ton,  and  i  pound  of  coal  will 
evaporate  8.33  pounds  of  water.  These  coals  seem  to  vary  but  little 
in  quality  in  the  different  beds,  and  while  they  are  all  used  for  general 
purposes,  those  obtained  from  certain  of  the  seams  are  much  valued 
for  gas-manufacture,  being  fully  the  equal  of  the  Westmoreland  coals 
of  Pennsylvania.  For  steam  purposes  the  Sydney  coals  are  inferior 
to  the  Welsh  and  about  equal  to  those  of  New  Castle,  according  to 
Professor  How's  experiments;  their  great  defect  is  the  high  pro- 
portion of  sulphur  they  contain,  which  makes  them  unfit,  without 
previous  washing,  for  iron-smelting,  and  renders  them  inferior  to 
many  other  coals  for  domestic  use. 

To  the  north  of  Sydney  Harbor  lies  the  Great  Bras  d'Or,  on  the 
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north  side  of  which  occurs  the  Cape  Dauphin  coal-basin.  This  is  the 
northern  extremity  of  the  Sydney  coal-field.  C.  J.  Campbell,  Esq., 
who  has  operated  the  new  Campbellton  Mines,  exhibited  coals  from 
them.  The  appearance  of  the  coal  was  good,  but  the  writer  of  this 
report  did  not  succeed  in  obtaining  facts  as  to  its  quality. 

The  exhibits  from  the  Pictou  coal-fi.eld  were  by  the  Intercolonial 
Mining  Association,  the  Acadia  Coal  Company,  and  the  General 
Mining  Association. 

The  Intercolonial  Mining  Association  exhibited  a  block  of  coal 
from  their  Drummond  Colliery;  the  Acadia  Coal  Company  had 
blocks  from  the  Acadia  Mines;  and  the  General  Mining  Association, 
coal  and  coke  from  the  Albion  Mine. 

While  some  of  the  mines  furnish  a  good  quality  of  coke,  the  coal 
from  other  pits  either  yields  but  a  poor  quality  of  coke  or  will  not 
coke  at  all.  The  coal  is  much  freer  from  sulphur  than  the  Cape 
Breton  coals,  but,  on  the  other  hand,  it  contains  much  less  carbon  and 
a  very  high  percentage  of  ash.  It  is  better  adapted  for  iron-smelting 
and  rolling-mill  purposes,  as  it  is  found  to  form  but  little  clinker,  and 
that  does  not  cling  to  the  grate-bars ;  but  it  is  inferior  to  the  Cape 
Breton  coals  as  a  gas  coal  and  for  steam  purposes. 

The  coal-beds  of  this  district  are  much  thicker  than  those  of  the 
Sydney  coal-field.  Two  of  the  beds  at  the  Albion  Mines  are  respect- 
ively 23  and  35  feet  thick.  From  the  Spring  Hill  coal-field,  in  Cum- 
berland County,  a  column  of  coal  was  sent  by  the  Spring  Hill  Mining 
Company.  The  coal,  from  its  analysis,  appears  to  belong  to  the  fat, 
caking  class.  Owing  to  the  high  percentage  of  volatile  ingredients 
it  contains  it  should  be  a  good  gas  coal,  white  the  amount  of  sulphur 
is  low.  As  yet,  the  extent  and  value  of  this  coal-field  are  but  imper- 
fectly known. 

UNITED  STATES. 

Passing  to  the  United  States,  we  come  first  of  all  to  the  great 
Appalachian  coal-field,  which  covers  58,265  square  miles,  and  extends 
from  Pennsylvania  and  Ohio,  through  Maryland,  West  Virginia, 
Eastern  Kentucky,  and  Tennessee,  to  Alabama.  This  is  divided  up 
into  numerous  small  basins,  sometimes  closely  united,  again  separated 
by  greater  or  less  intervals. 

PENNSYLVANIA. 

The  first  coal-district  is  the  Broad  Top  field,  which  forms  an 
isolated  coal  region  in  Huntingdon,  Bedford,  and  Fulton  Counties, 
Pennsylvania. 
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The  lower  coal-series  is  well  represented  in  this  district,  as  well  as 
the  so-called  "  barren  measures,"  which  separate  the  upper  and  lower 
coal-series ;  while  in  Broad  Top  Mountain,  near  its  summit,  there 
remains  a  small  patch  of  the  Pittsburgh  bed,  which  forms  the  base  of 
the  upper  coal-series.  This  coal-field  is  small,  and  the  coals  which 
occur  in  it  are  highly  esteemed  for  steam-raising  purposes.  It  is  also 
well  adapted  for  smelting,  and  makes  a  good  coke,  although  not  equal 
to  the  celebrated  Connellsville  coke.  The  coal  is  said  to  be  very  free 
from  sulphur,  which,  of  course,  exempts  it  from  spontaneous  com- 
bustion, and  hence  renders  it  a  very  valuable  fuel  for  ocean  steamships. 
The  coal  is  usually  called  semi-bituminous,  as  being  less  rich  in 
hydrocarbons  than  some  of  the  coals  from  the  more  western  portions 
of  the  Appalachian  coal-field.  The  exhibits  from  this  district  were 
made  by  the  Huntingdon  &  Broad  Top  Railroad  Company,  Robert 
Hare  Powel  &  Co.,  and  the  Rockhill  Iron  &  Coal  Company,  who 
all  exhibited  coal  and  coke.  An  analysis  of  the  coal  from  this  coal- 
field, made  for  the  Pennsylvania  Railroad,  gave  the  following  result : 

Moisture 0.30 

Volatile  matter 17.55 

Fixed  carbon 74*65 

Ash 7.50 

100.00 

Passing  westward,  the  first  coals  exhibited  came  from  the  first  bitu- 
minous coal-basin  of  Pennsylvania.  The  exhibits  were  by  the  Cambria 
Iron  Company,  of  coal  and  coke  from  Johnstown  and  Bennington, 
and  Dysart  &  Co.,  from  Sonman,  in  Cambria  County;  also  by  the 
Kittanning  Coal  Company,  from  their  Franklin  Colliery  at  Houtzdale, 
and  by  Robert  Hare  Powel  &  Co.,  from  their  Stirling  and  Powelton 
Collieries,  near  Osceola,  Clearfield  County.  The  coals  from  this  dis- 
trict are  used  both  in  iron-smelting  and  for  steam-raising  purposes. 
The  coals  exhibited  by  the  Kittanning  Coal  Company  and  Robert 
Hare  Powel  &  Co.  come  from  the  so-called  steam-coal  basin  of 
Clearfield  County.  They  belong  to  the  semi-bituminous  coals ;  they 
coke  well,  and  contain  between  21  and  23  per  cent,  of  volatile  hydro- 
carbons. Practically,  however,  the  attempt  to  coke  them  on  a  com- 
mercial scale  is  not  made ;  and  the  coal  sold  is  used  almost  exclusively 
to  generate  steam  in  manufactories,  locomotives,  and  ocean  steamships, 
and  enjoys  a  high  reputation  for  this  purpose.  The  coal  also  stands 
high  in  the  estimation  of  blacksmiths,  and  is  extensively  used  by 
them. 

The  coal  mined  in  Clearfield  County  comes  almost  exclusively  from 
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coal  "  B*'  of  the  Pennsylvania  Geological  Survey,  which  is  a  bed  from 
4^  to  6  feet  thick.  Analyses  made  by  the  geological  survey  gave 
the  following  results : 

I.  From  the  Franklin  Colliery.  II.  From  the  Stirling  Colliery. 

I.  II. 

Moisture 0.670  0.710 

Volatile  matter 21.360  23.400 

Fixed  carbon •.     74.284  72.218 

Sulphur 0.435  0-532 

Ash 3.251  3.140 


100.000 


100.000 


There  is  no  doubt  that  this  coal,  if  coked,  would  be  very  well  adapted 
to  iron-smelting.  Sometimes  the  bed  worked  is  said  to  carry  streaks 
of  pyrite,  but  in  such  a  manner  that  it  can  be  readily  separated. 

The  Kittanning  Coal  Company  showed  two  large  blocks  of  their 
coal,  one  weighing  5j^,  and  the  other  2%  tons. 

The  coal  and  coke  exhibited  by  the  Cambria  Iron  Company  is 
mined  and  prepared  exclusively  for  their  extensive  iron-works  at 
Johnstown.  The  coal  is  bituminous,  of  good  quality,  and,  coked  in 
Belgian  ovens,  yields  a  good  coke,  inferior  in  quality  to  the  Connells- 
ville,  but  still  well  adapted  for  iron-smelting. 

John  Keys,  of  Brockwayville,  exhibited  a  lump  of  coal,  8  feet  long 
by  3  feet  3  inches  high,  from  the  Jefferson  County  gas-coal  basin. 
This  belongs  to  the  fourth  bituminous  coal-basin  of  Pennsylvania. 
The  bed  worked  is  4  feet  thick,  including  a  two-inch  slate  parting. 
The  coal  is  said  to  mine  well,  and  contains  a  large  quantity  of  hydro- 
carbons, as  shown  by  the  subjoined  analysis  made  by  the  chemist  of 
the  State  Geological  Survey;  but  the  large  percentage  of  sulphur  it 
contains,  if  the  analysis  is  made  from  average  samples  of  the  coal, 
would  render  it  objectionable  both  for  gas  purposes  and  for  iron- 
smelting,  unless  the  coal  is  washed  previous  to  coking  it.  The 
analysis  gave : 


Moisture 

1.360 

Volatile  matter       .... 

38.7iw 

Fixed  carbon          .... 

.        .      *.        .        .        .    53.683 

Sulphur 

2.047 

Ash 

4.190 

100.000 

Passing  down  in  a  southwest  direction  along  the  axis  of  the  fourth 
coal-basin,  we  come  to  the  magnificent  gas  coals  of  Westmoreland 
and  Fayette  Counties,  where  the  Pittsburgh  bed,  the  lowest  of  the 
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upper  coal-beds,  is  mined,  and  from  which  the  celebrated  coke  known 
as  Connellsville  coke  is  made. 

Exhibits  of  coal  and  coke  were  made  by  the  Westmoreland  Coal 
Company,  the  Penn  Gas  Coal  Company,  Stoner,  Hitchman,  &  Co., 
Robert  Hare  Powel  &  Co.,  John  M.  Cochran  &  Co.,  and  A.  A. 
Hutchinson  &  Co. 

The  coal  mined  comes  from  the  eastern  margin  of  the  coal-field, 
and  is  mined  from  the  Pittsburgh  bed,  which  is  8  to  1 1  feet  thick. 
Owing  to  its  high  percentage  of  hydrocarbons  and  freedom  from 
sulphur,  this  coal  enjoys  a  very  high  reputation  for  gas  purposes. 
It  also  yields  a  high  percentage  of  most  excellent  coke,  which  is  un- 
excelled for  iron-smelting,  owing  to  its  quality  and  to  its  strength, 
which,  as  it  does  not  crush  easily,  sustains  a  very  heavy  burden  in 
the  blast-furnace.  So  high  is  the  reputation  of  this  coke  that  it  is 
carried  in  boats  from  Pittsburgh  down  the  Ohio  to  St.  Louis,  to  be 
there  used  in  the  blast-furnace.  It  is  also  found  capitally  adapted  to 
the  reduction  of  silver  and  lead  ores,  being  carried  for  this  purpose 
all  the  way  to  Utah.  It  is  found  to  be  well  adapted  for  blacksmithing 
and  for  foundry  purposes.  An  analysis  of  this  coal  made  for  the 
Pennsylvania  Railroad  gave : 

Moisture 1.30 

Volatile  matter 30.41 

Fixed  cftrbon 61.45 

Sulphur 1.04 

Ash 5.80 

100.00 

Frequently,  however,  the  percentage  of  sulphur  is  still  lower. 

OHIO. 

Passing  over  the  State  line,  we  come  to  the  continuation  of  the 
Appalachian  coal-field  in  Ohio. 

A  very  fine  collective  exhibit  of  coals  was  made  by  the  Mahoning 
Valley  Centennial  Association.  The  coals  exhibited  were  from  the 
following  mines:  Burnett,  Long,  No.  3,  Stewart,  McKinnie,  Love, 
Osborn,  Holliday,  Sodom,  Church  Hill,  Kline,  No.  i,  No,  2,  Foster, 
Kyle,  Powers,  Lauterman,  Packard,  Foulk,  Jacobs,  Pennell,  Harroff, 
Canfield,  Brookfield,  Shenango,  Hamilton,  Ashland,  McKinney, 
Peacock,  Morris,  Cambria,  Weathersfield,  and  Ohlton. 

The  coal  from  the  Mahoning  Valley  is  generally  known  as  the 
Block  or  Brier  Hill  Coal,  and  enjoys  a  deservedly  high  reputation  for 
iron-smelting  purposes,  being  capitally  adapted  for  the  production  of 
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Bessemer  pig-iron,  owing  to  its  freedom  from  sulphur.  It  forms  the 
basis  of  the  great  iron-industry  of  Northern  Ohio.  The  bed  from 
which  this  coal  is  mined  is  *'  Coal-Seam  No.  i"  of  the  Ohio  Geolog- 
ical Survey,  the  lowest  in  the  series  of  the  coal-measures.  It  is,  unfor- 
tunately, very  irregular  in  its  distribution.  It  is  used  for  iron-smelting 
in  a  raw  state,  and  is  called  "  block  coal,''  from  its  breaking  into  large 
blocks,  which  are  of  a  very  compact  character.  An  analysis  of  this 
coal  by  the  chemist  of  the  State  Geological  Survey  gives: 

Moisture 2.47 

Volatile  combustible  matter Z^-^Z 

Fixed  carbon 64.25 

Ash 1.45 

100.00 
Sulphur 0.56 

The  Franklin  Coal  Company  exhibited  specimens  from  their 
mines  in  Summit  County.  The  bed  worked  is  the  lowest,  or  No.  i ; 
it  is  4^  feet  thick,  and  of  good  quality;  it  is  a  bright,  handsome, 
open-burning  coal,  apparently  containing  but  little  sulphur,  if  any, 
and  is  said  to  contain  but  a  small  percentage  of  ash.  It  is  softer  and 
more  bituminous  than  the  coal  from  the  same  bed  in  the  Mahoning 
Valley,  but  is  still  capable  of  being  used  in  the  raw  state  in  the 
furnace,  and  is  much  liked  both  for  domestic  and  steam  purposes. 
Owing  to  its  inflammable  character  its  combustion  is  not  quite  so 
easily  regulated  as  that  of  the  Mahoning  Valley  coal,  and  it  takes  a 
little  more  of  it  to  smelt  a  ton  of  iron.  It  is  claimed  for  this  coal  as  a 
household  fuel  that  those  who  use  it  prefer  it  to  every  other  variety 
of  coal,  even  to  the  best  cannel.  The  chemist  of  the  Ohio  Geological 
Survey  analyzed  the  coal  from  the  Franklin  mines,  and  found  it  to 
contain : 

Moisture 3.40 

Volatile  combustible  matter 36.10 

Fixed  carbon  .        .        .        .    , 5^*70 

Ash 1.80 

100.00 
Sulphur 0.799 

Coal  from  the  same  bed  in  Stark  County  was  exhibited  by  John  G. 
Warwick,  the  Grove  Coal  Company,  and  J.  P.  Burton,  of  Massillon ; 
and  by  the  Wadsworth  Coal  Company,  from  Medina  County.  The 
coal  from  these  mines  is  apparently  identical  with  that  just  described 
from  Summit  County.  It  is  generally  more  bituminous,  breaking 
more  irregularly,  and  having  less  of  the  block  character  than  that  of 
the  Mahoning  Valley. 
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Specimens  of  coal  "  No.  4/'  corresponding  to  the  Pennsylvania 
"  Kittanning"  bed,  were  exhibited  by  the  Cherry  Valley  Iron  Com- 
pany, from  Leetonia,  Columbiana  County,  and  by  the  Newark  Coal 
Company  and  the  Licking  Iron  Company,  from  Flint  Ridge,  Licking 
County. 

The  coal  from  Leetonia  seemed  to  be  a  very  pure  bituminous  coal, 
and  the  coke  exhibited  made  from  it  was  very  good.  The  coal  is 
eminently  distinguished  as  a  coking  coal,  and  the  pig-iron  exhibited 
as  made  from  it  looked  soft.  An  analysis  of  this  coal  by  the  State 
Geological  Survey  gave : 

Moisture 2.56 

Volatile  combustible  matter 39*^ 

Fixed  carbon 56  04 

Ash 1.80 

100.00 
Sulphur 0.53 

The  coal,  where  mined,  is  2^  feet  thick.  The  low  percentage  of  ash 
and  sulphur  is  very  striking,  and  explains  the  good  quality  of  the 
iron. 

The  coal  from  this  same  bed  at  Flint  Ridge  has  entirely  changed 
its  character,  being  a  cannel  coal, and  occurs  in  abed  4  to  6  feet  thick. 
The  coal  appears  to  be  of  a  good  quality ;  like  most  American  cannels 
its  percentage  of  ash  is  high,  and  the  amount  of  sulphur  consider- 
able.    An  analysis  of  the  Flint  Ridge  coal  by  the  State  Survey  gave  : 

Moisture 2.60 

Volatile  combustible  matter 40.20 

Fixed  carbon 44.00 

Ash 13.20 

100.00 
Sulphur 1.34 

This  coal  was  formerly  mined  for  distillation  into  oil,  but  its  principal 
use  at  present  is  for  domestic  purposes. 

Coal  was  displayed  by  the  Steubenville  Coal  &  Mining  Company 
from  their  mines  at  Steubenville.  The  coal  is  here  mined  by  shafts 
sunk  to  reach  it.  The  coal  mined  is  the  "  No.  6**  bed  of  the  Ohio 
Geological  Survey ;  it  is  here  about  4  feet  thick,  and  is  a  partially 
open-burning  coal  of  great  excellence,  and  is  used  in  all  the  iron- 
works at  this  point.  It  has  been  used  considerably  in  the  raw  state 
in  the  blast-furnace,  but  is  now  generally  coked.  An  analysis  by 
the  chemist  of  the  Survey  shows  this  coal  to  contain : 
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Moisture 1.40 

Volatile  combustible  matter 30.90 

Fixed  carbon ^5-90 

Ash 1.80    . 

100.00 
Sulphur 0.98 

It  will  be  seen  that  the  ash  and  sulphur  are  low.  The  Glasgow  & 
Port  Washington  Coal  &  Iron  Company  and  the  Tuscarawas  Coal 
&  Iron  Company  exhibited  coal  from  the  same  bed,  "  No.  6,"  in 
Tuscarawas  County.  At  Port  Washington  this  coal  is  7  feet  thick. 
It  is  skid  to  be  a  typical  coking  coal,  which  will  make  an  excellent 
coke  if  washed.  Without  this,  it  is  too  high  in  sulphur  to  be  well 
adapted  for  iron-smelting,  as  it  contains  between  2  and  3  per  cent, 
of  this  impurity.  The  coal  breaks  irregularly,  with  broad,  smooth, 
black,  resinous  surfaces,  and  is  rather  tender.  The  coke  is  bright 
and  handsome  if  properly  treated.  This  coal  is  much  liked  for  steam 
purposes. 

Coals  from  this  same  bed  were  exhibited  by  the  Hurd  Coal  Com- 
pany, Straitsville  Mining  Company,  Peter  Hayden,  and  W.  B.  Brooks 
&  Son,  all  from  the  Hocking  Valley.  This  bed,  which  is  the  equiv- 
alent of  the  Upper  Freeport  coal  of  the  Pennsylvania  geologists,  is  at 
this  point  of  great  importance,  and  has  a  thickness  of  6  to  12  feet.  It 
is  here  an  open-burning  coal,  used  without  coking  in  the  blast-furnace, 
oflen  contains  but  a  small  amount  of  sulphur,  and  is  also  used  in  the 
manufacture  of  gas.  Although  not  as  highly  bituminous  as  some 
other  varieties,  yet  the  flame  is  considerable.  It  has  been  used  with 
great  satisfaction  in  many  of  the  Ohio  rolling-mills;  it  is  highly 
esteemed  for  the  generation  of  steam,  and  is  much  liked  for  domestic 
use.  "  The  small  percentage  of  ash,  the  unusually  complete  com- 
bustion, giving  a  fine  blaze  and  little  smoke,  the  large  percentage  of 
fixed  carbon,  giving  great  heating  power,  and  the  small  amount  of 
sulphur,  all  combine  to  render  the  coal  of  this  great  seam  one  of  the 
best-known  coals  for  all  uses."  Analyses  of  this  coal  by  the  chemist 
of  the  State  Survey  gave  the  following  results : 

I.  From  New  Straitsville,  Perry  County.  II.  From  Nelsonville,  Athens  County. 

I.  II. 

Moisture 6.90  5.95 

Volatile  combustible  matter 30.25  32.38 

Fixed  carbon 58.19  57'X2 

Ash 4.66  4.55 

100.00  100.00 

Sulphur 0.79  0.77 
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The  value  of  this  coal  has  recently  been  greatly  enhanced,  from  the 
fact  that  iron  can  be  made  with  the  native  ores  as  cheaply  as  in 
any  part  of  the  United  States,  while,  the  markets  being  near  at  hand, 
this  district  becomes  a  formidable  competitor  with  those  whose  iron- 
manufacture  is  already  established.  It  takes  an  average  of  three  tons 
of  this  coal  to  make  a  ton  of  iron ;  but  a  great  deal  of  it  is  unfitted 
for  making  iron  on  account  of  the  large  quantity  of  sulphur  which  it 
contains  locally.  The  author  of  this  report  does  not  know  whether 
it  will  pay  to  wash  the  coal,  and  thus  purify  it  It  may  be  said,  how- 
ever, that  there  is  an  abundance  of  this  coal  which  is  practically  free 
from  sulphur,  and  is  hence  well  adapted  to  iron-smelting. 

Specimens  of  the  "  No.  7"  coal-bed  of  the  Ohio  Survey  were  ex- 
hibited by  the  Ohio  Coal  Company,  from  Cambridge,  Guernsey 
County,  and  E.  A.  Fitch,  from  Athens  County.  At  Cambridge  the 
coal  is  of  the  caking  character,  and  yields  a  compact  coke ;  the  best 
combustion  of  the  coal  is  produced  by  a  strong  draft.  The  bed  of 
coal  is  5  feet  thick.  The  coal  is  high  in  sulphur,  which  is  mostly 
removed  on  coking  it ;  unless  this  is  removed  the  fuel  would  be  unfit 
for  iron-smelting.  In  Athens  County  the  coal  is  about  4^  feet  thick. 
It  is  fair  in  quality,  and  will  probably  answer  for  raising  steam  and 
household  purposes ;  the  coke  from  this  coal  is  firm,  and  possesses 
great  tenacity.  Analyses  of  these  coals  have  been  made  by  the  Geo- 
logical Survey. 

I.  From  Cambridge,  Guernsey  County.  II.  From  Bayley*s  Run,  Athens  County. 

I.  II. 

Moisture 3.00  4.75 

Volatile  combustible  matter 34*15  34*90 

Fixed  carbon 57.39  54.95 

Ash 5.46  5.40 

.         11  ■ 

100.00  100.00 

Sulphur 2.57  2.40 

It  is  most  probable  that  the  "  Sheridan"  coal  of  the  Hanging  Rock 
iron  district,  in  Ohio,  belongs  to  this  same  bed.  It  was  exhibited  by 
the  Hanging  Rock  Iron  Association,  which  made  a  collective  exhibit. 
The  coals  from  this  part  of  the  State  have  been  as  yet  but  little  ex- 
ploited, and  those  opened  are  said  not  to  be  very  good  for  iron- 
smelting.  Although  much  of  the  coal  is  high  in  sulphur,  yet  this 
is  not  the  case  with  all  of  them,  and  it  is  very  possible  that  future 
explorations  will  show  the  existence  of  good  coals. 

Coal  from  the  "  No.  8,"  or  Pittsburgh,  bed  was  exhibited  by  the 
Pomeroy  Coal  Company  from  their  mines  at  Pomeroy,  Meigs  County. 
The  coal-bed  at  this  point  measures  between  4^  and  6  feet  in  thick- 
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ness,  but  it  always  has  one  or  more  partings.  It  is  highly  esteemed 
as  a  mill  and  steam  coal,  and  for  household  purposes.  It  is  not 
regarded  desirable  as  a  gas  coal,  and  the  percentage  of  sulphur  shown 
in  the  analysis  is  below  the  average.  It  is  at  present  not  coked,  and 
the  coke  might  be  too  tender  for  iron-smelting,  although  there  is  no 
evidence  on  this  point  From  the  analysis  there  is  no  reason  to 
suppose  it  in  any  way  inferior  to  the  Youghiogheny  coal,  or  that  the 
coke  would  be  inferior  to  the  Connellsville.  The  analysis  given  by 
the  State  Geological  Survey  is  as  follows : 

Moisture 4.10 

Volatile  combustible  matter 33*90 

Fixed  carbon 56. 10 

Ash 5.90 

100.00 
Sulphur 0.46 

The  coal  yields  a  large  percentage  of  gas. 

Specimens  of  coal-bed  "  No.  10"  were  exhibited  by  the  Ohio  Coal 
Company  from  Macksburg,  Washington  County,  at  a  point  where  the 
bed  is  6  feet  thick.  The  coal  is  said  to  be  of  good  quality  for  domes* 
tic  use  and  steam  purposes,  and  also  for  rolling-mill  purposes,  and  is 
a  coal  of  good  heating-power. 

WEST  VIRGINIA. 

The  exhibit  of  coals  made  by  the  State  of  West  Virginia  was  4 
very  fine  one,  only  equaled  by  that  made  by  the  Dominion  of  Canada, 
Numerous  large  blocks  of  coal  were  erected  on  the  grounds  in  close 
proximity  to  the  State  building,  while  many  smaller  specimens  were 
exhibited  in  the  interior  of  the  latter.  No  State  in  the  Union  sur- 
passes it  in  the  variety  of  coals  it  contains,  nor  does  any  contain  an 
equal  amount  in  proportion  to  the  area,  for  of  the  fifty-four  counties 
in  the  State  but  six  are  entirely  destitute  of  this  important  fuel.  In 
many  of  them,  however,  the  coal  is  so  deeply  buried  and  in  others 
the  means  of  transportation  are  so  poor,  that  it  will  be  many  years 
before  the  mineral  wealth  they  contain  will  even  commence  to  be 
developed. 

The  coal-field  of  West  Virginia  may  be  regarded  as  a  continuation 
of  that  in  Pennsylvania,  and  forms  a  portion  of  the  great  Appalachian 
coal-field.  The  area  of  the  West  Virginia  is  estimated  as  being 
16,000  square  miles. 

The  first  coal  displayed  came  from  the  Potomac  basin,  which  is  a 
prolongation  of  the  Maryland  "  Cumberland  coal-field."  The  coal  from 
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this  basin  was  exhibited  by  the  Virginia  Coal  Company,  from  their 
mines  at  Piedmont,  in  Mineral  County.  The  seam  worked  here  is  the 
Pittsburgh,  which  at  this  point  is  14  feet  thick,  having  a  i^-inch 
slate  parting  4  feet  from  the  floor.  The  entire  thickness  of  the  coal 
is  mined.  It  is  here  semi-bituminous  in  character,  having  lost  a  por- 
tion of  its  volatile  matter,  and  is  therefore  unfit  for  gas  purposes.  It  is 
especially  adapted  for  steam  and  blacksmiths'  purposes,  and  is  largely 
used  by  steamers.  The  following  analyses  are  given  by  the  State 
Centennial  Commissioners : 

I.  Top  coal.  II.  Bottom  coal. 

I.  II. 

Moisture 0.82  0.50 

Volatile  combustible  matter ip-S^  I7»5i 

Fixed  carbon 75»86  79.01 

Ash 3.96  2.98 

100.00  100.00 

Sulphur 0.71  1,13 

Next  in  order  is  the  Preston  County  basin.  Specimens  of  the 
"  Upper  Freeport"  bed,  which  is  worked  here,  were  shown  from  the 
Austin  Mine,  as  well  as  coke  made  from  it.  The  coal-seam  is  here  8 
to  9  feet  thick,  though  only  the  lower  bench,  4  feet  thick,  affords  at 
all  points  a  first-rate  quality  of  coal.  It  is  said  that  the  whole  thick- 
ness of  the  bed  could  be  taken  out  and  sold  if  the  mining  were  carried 
on  on  a  large  scale.  The  coke  exhibited  was  of  a  bright,  silvery  aspect, 
and  it  is  said  to  bear  the  heaviest  burdens  in  the  blast-furnace.  Anal- 
yses given  by  the  Commissioners  of  West  Virginia  are  as  follows : 

■ 

I.  Coal.  II.  Coke. 

I.  II. 

Moisture 0.11  0.54 

Volatile  combustible  matter 31.12  

Fixed  carbon 66.29  ^7-SS 

Ash 2.48  1 1 .26 

100.00  99.35 

Sulphur 0.64  0.65 

Specimens  of  the  outcrop  coal  on  the  lands  of  the  Kingwood  Gas- 
Coal  &  Iron  Company  were  also  exhibited,  and  it  is  stated  that  the 
coke  made  from  it  is  used  satisfactorily  in  the  blast-furnace.  The  bed 
is  4>^  feet  thick.  Analyses  of  this  coal  were  also  given  by  the  State 
Commissioners: 


• 
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I.  Top  of  bed.  II.  Bottom  of  bed. 

I.  II. 

Moisture 0.34  0.51 

Volatile  combustible  matter 31  •47  3i*i9 

Fixed  carbon    • 65.66  66.13 

Ash 2.53  2.17 

100.00  100.00 

Sulphur    .        . 0.58  0.01 

The  next  basin  is  the  Monongahela.  The  coal-measures  are  first 
met  in  Monongahela  County.  A  fine  exhibit  of  the  series  of  rocks 
comprising  these  measures  in  this  county  was  made  by  W.  S.  Willey. 
The  coals  exhibited  were  from  the  Lower  Freeport  seam,  which  is  4^ 
feet  thick  where  opened ;  the  Pittsburgh  bed,  1 1  feet  thick,  oi  which 
9^  are  clear  coal ;  the  Red-stone  bed,  5  feet  thick ;  the  Sewickley 
bed,  6  feet  thick ;  and  the  Waynesburg  seam,  5  to  6  feet  thick.  The 
Pittsburgh  seam  is  the  only  one  worked  to  any  extent,  and  here,  as 
elsewhere  throughout  the  State,  it  is  a  valuable  gas  coal,  the  only  ex- 
ception to  this  rule  being  in  the  Potomac  basin,  already  mentioned. 
It  ranks  high  as  a  gSis  coal  throughout  the  United  States,  and  yields 
a  good,  firm,  solid  coke.  Analyses  of  the  coals  from  this  locality 
were  furnished  by  the  State  Commissioners,  as  follows : 

I.  Upper  Freeport  coal.  IV.  Sewickley  bed. 

II.  Pittsburgh  bed.  V.  Waynesburg  seam. 

III.  Redstone  seam. 

I.  II.  III.  IV.  V. 

Moisture     ....  0.63  0.39  0.37  0.44  0.74 

Volatile  combustible  matter  28.06  38.64  37-88  35-78  35.36 

Fixed  carbon       .         .        .  54.28  54.77  54.36  54.31  56.35 

Ash 17.03  6.20  7.39  9.47  7.55 

100.00       100.00       100.00       100.00       100.00 
Sulphur       ....      0.77  2.54  2.87  3.10  0.71 

The  sulphur  in  all  these  coals,  except  the  Upper  Freeport  and 
Waynesburg  beds,  is  said  to  occur  as  sulphate  of  lime  or  magnesia, 
and  not  as  pyrite. 

Specimens  of  coal  from  the  Pittsburgh  seam  were  exhibited  which 
were  taken  from  the  Gaston  Mine,  at  Fairmount,  in  Marion  County ; 
also  a  specimen  of  the  Redstone  bed,  taken  from  the  land  of  R.  S. 
RadclifTe,  in  the  same  county.  The  coal  from  the  Gaston  Mine  has  a 
high  reputation  for  gas  purposes,  and  also  is  a  good  generator  of 
steam.  The  Pittsburgh  seam  is  here  8  to  9  feet  thick,  and  shows  no 
partings.  The  percentage  of  sulphur  is  much  higher  than  that  from 
the  Youghiogheny  region  in  Pennsylvania,  but  is  compensated  for  by 
the  higher  percentage  of  gas.    The  coke  made  from  it  is  hard  and 
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tough,  but  the  high  percentage  of  sulphur  it  contains  renders  it  unfit 
for  blast-furnace  use,  even  when  mixed  with  Connellsville  in  the 
proportion  of  2  to  i.  The  analysis  of  this  coke,  furnished  by  the 
State  Commissioners,  is  as  follows : 

Coke 67.5 

Volatile  matter 32.5 

1 00.0 

Ash  in  coal 2,1 

Sulphur  in  coal 0.95 

"         coke 0.69 

"         volatile  matter 0.27 

A  gross  ton  of  this  coal  is  said  to  have  a  maximum  production  of 
1 1,043  cubic  feet  of  gas  of  16  candle-power. 

The  Redstone  seam  is  not  exploited.  The  thickness  of  the  bed  at 
the  point  where  the  sample  was  taken  is  6^  feet.   The  analyses  gave: 

Moisture  .         .         .         .         .  .         .         .  .1.01 

Volatile  combustible  matter     , ;    40.96 

Fixed  carbon 5o>33 

Ash 7.70 

100.00 
Sulphur  in  coal 4.27 

It  is  a  great  pity  that  the  high  percentage  of  sulphur  should  render 
this  coal  comparatively  valueless,  as  the  amount  of  volatile  matter 
which  it  contains  is  very  high. 

Two  specimens  of  coal  were  exhibited  from  Taylor  County, — one 
from  the  Pittsburgh  bed,  from  the  land  of  J.  H.  Barnes,  the  other,  a 
cannel  coal,  from  the  lands  of  S.  Carrothers,  at  Ironton.  The  former 
coal  is  worked  by  several  companies,  yields  an  excellent  coke,  and  the 
coal  bears  a  good  reputation  for  gas  purposes,  although  it  contains 
considerable  sulphur.  The  position  of  the  cannel  is  below  the 
former  bed,  its  quality  is  inferior,  and  its  position  in  the  geological 
series  has  not  been  determined. 

The  exhibits  of  coal  from  Harrison  County  were  all  taken  from  the 
Pittsburgh  bed,  and  were  sent  by  the  Despard  Gas-Coal  Company  and 
the  Murphy's  Run  coal-mine  near  Clarksburg,  and  Monongahela  Gas* 
Coal  Company  at  Wilsonburg.  The  coal  is  precisely  like  that  mined 
in  Marion  County.  The  thickness  of  the  bed  at  Clarksburg  is  about  9 
feet,  and  at  Wilsonburg  8  feet.  It  is  divided  by  a  clay  parting,  above 
which  the  coal  is  hard  and  below  soft.  The  lowest  foot  of  the  bed 
is  of  too  poor  a  quality  to  be  sold.  Sulphide  of  iron  is  present  in 
large  quantities,  usually  in  lumps  and  easily  separated.     It  is  largely 
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sold  for  gas  and  steam  purposes.  Containing  more  sulphur,  it  requires 
a  larger  percentage  of  lime  to  purify  it  in  gas-making  than  the  Peifti- 
sylvania  Westmoreland  coals,  but  it  is  claimed  that  this  disadvantage 
is  compensated  by  a  larger  yield  of  gas  and  a  higher  illuminating 
power.    The  analyses  furnished  by  the  State  Commissioners  gave : 

I.  Despard  mines.  II.  Murphy's  Run  mines. 

I.  II. 

Moisture   ........        i<5^ 

Volatile  combustible  matter 40.00  Zl'^^ 

Fixed  carbon 53-30  49.08 

Ash 6.70  9.40 

Sulphur    .        •        •  2.84 

100.00  100.00 

One  gross  ton  of  No.  I.  yields  9500  cubic  feet  of  gas  of  20.41 
candle-power,  and  1541  pounds  coke.  No.  II.  yields  11,401  cubic 
feet  of  gas  of  17.2  candle-power. 

A  specimen  of  bituminous  coal  was  displayed  from  J.  &  D.  Hud- 
son's mines  in  Hancock  County  and  another  from  the  Stanton  Rock 
Coal-Works,  in  Brooke  County,  opposite  Steubenville,  Ohio.  The 
former  is  taken  from  a  bed  3  to  6  feet  thick,  and  the  latter  from  one 
4  feet  thick.  It  is  most  probable  that  they  both  came  from  the 
"  No.  6*'  of  the  Ohio  Geological  Survey ;  if  so,  their  composition  is 
identical  with  that  given  of  the  Steubenville  coal. 

In  Ohio  County,  the  Pittsburgh  bed  is  worked  at  and  near  Wheel- 
ing. It  varies  from  5  to  7J^  feet  in  thickness,  of  which  about  5  feet 
is  worked.  It  is  extensively  used  in  rolling-mills  and  for  steam  pur- 
poses, but  is  unfit  for  use  in  iron-smelting  and  gas-works,  owing  to 
the  large  amount  of  sulphur  which  it  contains.  Mr.  L.  Hill  exhibited 
a  specimen  from  his  mine  at  Wood's  Run,  four  miles  from  Wheeling, 
where  the  bed  is  7  J^  feet  thick.  The  Bogs  Run  Mining  Company  at 
Wheeling  also  had  a  specimen  from  a  point  where  the  seam  is  6  feet 
thick.  At  the  latter  point  it  is  extremely  convenient  for  shipping, 
as  the  bed  is  worked  at  a  place  where  it  crops  out  10  feet  above  the 
Baltimore  &  Ohio  Railroad  track.  Analyses  furnished  by  the  Com- 
missioners were  as  follows ; 

I.  Top  bench.  Wood's  Run.  II.  Bottom  bench  of  same. 

I.  II. 

Moisture 1.74  1.52 

Volatile  oombastible  matter 42.97  3^.44 

Fixed  carbon 50-99  4777 

Ash 4.5P  12.26 

100.00  100.00 

Sulphur  in  coal 2.88  3.82 
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The  portion  of  West  Virginia  which  is  richest  in  mineral  fuel  is  that 
on  the  New  and  Kanawha  Rivers ;  this  district  is  nowhere  surpassed 
in  the  number  and  variety  of  its  coal-basins,  and  only  requires  a  larg^er 
population  and  better  means  of  transportation  to  become  one  of  the 
greatest  manufacturing  centres  of  the  United  States.  The  New  River 
basin  is  of  great  importance,  and  is  interesting  as  containing  work- 
able coal-beds  in  the  conglomerate  series  underlying  the  true  coal- 
measures. 

In  Raleigh  County,  the  Quinnimont  furnace  is  supplied  with  the 
coal  from  one  of  these  beds  4  feet  thick.  The  coke  made  from  it  as 
exhibited  appears  to  be  of  an  excellent  quality,  while  the  coal  from 
which  it  is  made  is  semi-bituminous.  It  is  very  soft  and  friable,  and, 
in  addition  to  being  u.sed  for  the  manufacture  of  coke,  it  is  said  to  be 
capitally  adapted  for  steam-raising  and  domestic  purposes,  as  it  makes 
a  very  hot  red  fire.  Analyses  of  the  coal  and  coke  made  for  the 
Quinnimont  Furnace  Company  were: 


I.  The  four-feet  coal. 

III.  Coked  slack. 

II.  Coke  from  same. 

IV.  G. 

H. 

Princess  coal. 

I. 

II. 

III.                 IV. 

Moisture     .... 

0.94 

0.33 

Volatile  combustible  matter 

18.19 

1919 

Fixed  carbon 

75.89 

93.8s 

91.72              75.82 

Ash 

4.98 

6.15 

5-57              4.73 

Sulphur      .... 

0.30 

a48              

100.00 


100.30 


97-77 


100.00 


Two  other  specimens  of  coal  from  Raleigh  County,  which  closely 
resembled  that  from  Quinnimont,  were  also  exhibited,— one  from  a 
6^-feet  bed  from  J.  R.  Milligan's  mine ;  the  other  from  a  6-feet  bed 
on  the  land  of  G.  H.  Prince.  The  analysis  of  this  last,  furnished  by 
the  State  Commissioners,  is  given  with  that  from  Quinnimont.  It 
contains  0.86  per  cent,  of  sulphur  in  the  coal.  These  samples  prob- 
ably came  from  the  bed  opened  near  Raleigh  Court-House,  which 
belongs  really  to  the  vespertine  (Catskill)  formation,  and  lies  below 
the  conglomerate  series  in  which  the  Quinnimont  coal  occurs.  The 
coal  is  said  to  be  very  pure,  and,  as  the  bed  occurs  under  the  entire 
Raleigh  plateau,  will  be  a  valuable  seam  for  local  purposes.  Con- 
tinuing down  the  New  River  basin,  the  next  county  is  Fayette.  Ex- 
hibits were  made  of  coal  and  coke  by  the  Coal  Valley  Coal  Com- 
pany, the  Longdate  Coal  &  Iron  Company,  the  Nuttalburg  Mine,  the 
Gauley-Kanawha  Coal  Company,  Dr.  W.  H.  Letterman,  and  Beverly 
Cole.  The  bed  worked  by  the  Longdale  Company  is  the  first  one 
above  the  great  conglomerate,  probably  the  "  A"  seam  of  the  Penn- 
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sylvania  and  *'  No.  i"  bed  of  the  Ohio  geologists.  It  is  here  3^  feet 
thick,  and  is  a  soft  and  tender  coal,  making  a  very  good  coke  used  in 
the  company's  furnace  in  Alleghany  County,  Virginia.  The  coal  and 
coke  exhibited  by  the  Nuttalburg  Mine  probably  comes  from  the 
same  bed,  as  it  closely  resembles  the  exhibit  just  mentioned,  and  the 
bed  is  said  to  be  3^  to  4  feet  thick.  Both  belong  to  the  semi-bitu- 
minous class,  and  as  usual  the  coal  is  tender  and  friable,  pure  in  car- 
bon, and  at  this  locality  rather  high  in  volatile  matter.  The  coke 
exhibited  seemed  to  be  of  good  quality.  The  Gauley-Kanawha  Coal 
Company  exhibited  coal  from  their  mines  at  Hawk's  Nest,  lower  down 
the  river,  where  they  mine  a  bed  1 1  feet  thick  and  having  four  part- 
ings in  it.  The  coal  is  higher  up  in  the  coal  formation  than  those  just 
mentioned  and  is  richer  in  gaseous  matter ;  the  character  of  the  coal 
is  hard  and  pure.  A  gross  ton  of  it  is  said  to  give  off  10,100  cubic 
feet  of  gas  of  17.9  candle-power.  The  Coal  Valley  Coal  Company  ex- 
hibited a  section  of  the  bed  worked  by  them  7  feet  thick ;  of  this  the 
upper  16  inches  is  splint,  the  remainder  gas  coal.  This  latter  is  said 
to  give  10,800  cubic  feet  of  gas  of  17  candle-power.  The  exhibits  of 
Dr.  Letterman  and  Mr.  Cole  were  both  from  the  so-called  "  Cotton 
Hiir'  bed,  a  local  name,  and  of  which  the  position  in  the  coal-series 
is  not  quite  determined;  the  coal  is  bituminous  in  character.  Analy- 
ses of  the  coals  furnished  by  the  State  Commissioners  gave  : 


I.  Longdale  Company's  coal. 
II.  Coke  from  same. 
III.  Nuttalburg  coal. 
IV.  Coke  from  same. 


V.  Coal  from  Gauley-Kanawha  Company. 
VI.  Gas  coal  from  Coal  Valley  Company. 
VII.  Splint  coal  from  same. 


Moisture 

Volatile  combustible  matter 

Fixed  carbon . 

Ash        ...        . 

Sulphur  in  coke     • 

Sulphur  in  coal 


I.        II.        III.       IV. 


V. 


VI.        VII. 


1.03    0.34  0.32  1.36  1.32  0.18 

21.38    29.59    3>-93  35-21  38.32 

72.32  93.00  69.00  91.22  64.60  61.60  57.2D 

5.27  6.73  1.07  7.53  2.1 1  1.87  4.50 

0.27    0*93    


..••••• 


I... ... 


100.00  100.00  100.00  100.00  100.00  100.00  100.00 
0.27  0.78  0.74   0.66   1. 21 


Keeping  down  the  river  to  where  it  runs  into  the  Great  Kanawha, 
we  come  to  Kanawha  County,  in  which  the  conglomerate  entirely 
disappears  from  view,  and  all  the  mountains  are  composed  of  the 
lower  coal-measures.  The  exhibits  from  this  county  were  made  by 
the  Mill  Creek  Cannel  Coal  Company,  the  Kanawha  Semi-Cannel 
Coal  Company,  the  Enterprise  Coal  Company,  J.  D.  Lewis,  and  W. 
M.  Hovey. 
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The  Kanawha  Semi-Cannel  Company  exhibited  specimens  from  six 
different  beds,  viz.:  bituminous  coal  from  the  "  Blacksburg"  seam,  3  jP^ 
feet  thick,  a  good  gas  coal,  yielding  10,640  cubic  feet  of  gas  of   18 
candle-power  per  ton;  gas  coal  from  the  outcrop  of  a  bed  3^  feet 
thick,  having  a  six-inch  parting,  claimed  to  be  good  for  gas,  steam, 
and  blacksmiths'  purposes ;  cannel  coal  from  an  outcrop  28  inches 
thick ;  gas  coal  from  the  **  Cedar  Grove"  bed,  good  for  gas,  black- 
smiths', and  steam  purposes;  bituminous  coal  from  the  " Coalburg^*' 
seam,  7  feet  thick,  with  a  lO-inch  slate  parting,  good  for  domestic  and 
steam  purposes ;  and  splint  coal  from  the  "  Lewiston"  bed,  which  is  4. 
feet  thick,  of  an  excellent  quality  for  house  and  steam  purposes.    The 
Mill  Creek  Company  exhibited  a  good  specimen  of  cannel  coal  from 
a  bed  5^  feet  thick.     J.  D.  Lewis  exhibited  splint  coal   from   the 
Campbell's  Creek  bed  6  feet  thick.     The  Enterprise  Coal  Company- 
exhibited  coal  of  the  same  character  from  their  mines,  taken  from  a 
bed  of  the  same  thickness.     A  specimen  of  cannel  coal  was  exhibited 
from  a  mine  on  Falling  Rock  Creek,  Elk  River,  also  of  good  quality. 
The  analysis  of  this  coal  gives : 

Volatile  matter 43*20 

Fixed  carbon 50.80 

Ash 6,00 

100.00 

This  shows  much  less  ash  than  most  of  the  American  cannels.  A 
ton  of  this  coal  gave  I3>400  cubic  feet  of  gas  of  25  candle-power. 
The  Lewiston  Coal  Company  exhibited  bituminous  coal  from  a  bed 
4  to  6  feet  thick.  W.  M.  Hovey  exhibited  specimens  of  splint  coal 
from  Davis's  Creek. 

Just  over  the  county  line  and  to  the  south  of  Charleston  are  the 
mines  of  the  Peytona  Cannel  Coal  Company,  in  Boone  County.  They 
exhibited  a  lump  of  coal  showing  the  thickness  of  the  bed  they  work, 
as  well  as  other  specimens.     The  analysis  of  this  coal  gave : 

Volatile  matter 46.00 

Fixed  carbon 41.00 

Ash 13.00 

100.00 

The  maximum  yield  of  gas  per  gross  ton  is  13,200  feet  of  32.16 
candle-power;  while  at  a  yield  of  10,000  cubic  feet  it  gives  41.16 
candle-power.  This  coal,  and  that  mined  by  the  Cannelton  Coal 
Company  in  Kanawha  County,  are  noted  as  gas  "enrichers,"  being 
carried  to  far  Eastern  and  Western  cities,  where  they  are  mixed 
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with  inferior  coals  at  the  gas-works.  They  bring  a  higher  price,  on 
account  of  this  property,  than  any  other  coal  mined  in  the  United 
States. 

A  specimen  of  cannel  coal  from  the  land  of  A.  Ball,  near  the 
county  court-house,  was  also  displayed ;  the  bed  is  said  to  be  5  feet 
thick,  and  the  coal  was  apparently  of  good  quality. 

From  Lincoln  County,  specimens  of  splint  coal  were  exhibited  from 
a  5-feet  bed  on  Nine-Mile  Creek  of  the  Guyandotte ;  from  a  bed  4 
feet  thick,  taken  from  the  Aspinwall  &  Low  lands  on  Four-Mile 
Creek,  of  same  river ;  and  from  the  McComas  Bank,  on  the  Guyan- 
dotte River,  five  miles  above  the  falls,  where  the  bed  is  8  feet  thick. 
The  appearance  of  these  coals  was  fair,  but,  until  better  means  of 
transportation  exist,  it  will  be  impossible  to  develop  the  coal-seams 
of  this  county  to  any  great  extent. 

Returning  to  the  Great  Kanawha  River,  if  we  continue  to  descend 
this  stream,  Putnam  County  is  the  next  point  reached.  Here  the 
Pittsburgh  bed  is  worked  by  the  Raymond  Coal  Company,  at  a  point 
where  the  seam  averages  6  feet  2  inches  in  thickness.  The  coal 
mined  here  is  of  excellent  quality,  and  is  sent  westward  for  domestic 
and  steam  use ;  but  in  spite  of  the  high  percentage  of  volatile  combus- 
tible matter  the  coal  contains  at  this  point,  it  is  not  sold  for  gas- 
manufacture,  as  other  coals,  close  at  hand,  are  so  much  superior  for 
this  purpose.     An  analysis  of  the  coal  gives : 

Volatile  combustible  matter 33-00 

Fixed  carbon 60.00 

Ash 6.00 

99.00 

A  specimen  of  the  same  bed,  in  the  same  county,  was  shown  from 
the  lands  of  J.  L.  McLean  on  Guano  Creek,  where  the  seam  is  6^ 
feet  thick.  A  specimen  of  bituminous  coal  from  Mason  County, 
adjacent  to  Putnam,  was  exhibited,  from  the  mine  of  the  Hartford 
City  Coal  &  Salt  Company.  The  mine  is  located  on  the  Pittsburgh 
seam,  which  is  here  5  to  6  feet  thick,  and  crops  out  on  the  Ohio 
River.  The  coal  is  worked  for  consumption  at  the  salt-works  and 
for  exportation  down  the  river.  It  is  inferior  in  quality  to  that  mined 
in  Putnam  County,  and  sells  for  a  lower  price.  The  analysis  of  this 
coal,  as  given  by  the  State  Commissioners,  gives : 

Moisture 3.43 

Volatile  combustible  matter 44>5S 

Fixed  carbon 46.88 

Ash 5.31 

100.00 
Sulphur 1.57 
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Wayne  County  is  in  the  extreme  western  corner  of  the  State,  and 
it  was  represented  by  specimens  of  coal  from  the  lands  of  Aspinwall 
&  Low,  Wayne  Ferguson,  and  Walter  Osborn.  They  were  all  from 
different  branches  of  Twelve-Pole  River.  The  coal  from  the  lands 
of  Aspinwall  &  Low  is  a  cannel,  which  probably  comes  from  a  bed  8 
feet  thick,  in  which  there  are  y]^  feet  clear  coal,  of  which  5J^  feet  are 
cannel.  There  were  specimens  of  cannel  and  bituminous  coal  from 
the  lands  of  Wayne  Ferguson,  the  former  said  to  be  from  a  bed  7^ 
feet  thick,  and  the  latter  from  one  4^  feet,  while  Walter  Osborn 
exhibited  a  specimen  of  coal  from  a  bed  5^  feet  thick.  It  has  been 
impossible  to  ascertain  how  iar  these  coals  are  being  worked,  or 
whether  the  analyses  given  below  are  taken  from  outcrops  or  from 
workings. 

I.  Coal  from  W.  Osborn's  land.        II.  Coal  from  the  land  of  W.  Ferguson. 

I.  II. 

Moisture 2.30  1.56 

Volatile  combustible  matter 40.43  43-22 

Fixed  carbon 4^72  44*89 

Ash 8.55  10.33 

100.00  100.00 

Sulphur 0.76  0.82 

KENTUCKY. 

Directly  west  of  West  Virginia  lies  the  State  of  Kentucky,  which 
was  finely  represented  by  the  coals  displayed  in  the  collection  of  the 
State  Geological  Survey,  and  although  the  size  of  the  specimens  in 
many  cases  was  small,  still,  the  different  localities  represented  were 
very  numerous.  This  State  contains  at  its  eastern  end  a  continuation 
of  the  Alleghany  coal-field,  while  the  western  portion  also  contains 
the  southern  prolongation  of  the  Illinois  coal-field.  Confining  our 
attention  for  the  present  to  the  former,  it  may  be  stated  that  Ken- 
tucky, like  West  Virginia,  rejoices  in  a  great  variety  of  coals,  as  yet 
but  little  developed,  which  belong  to  the  series  below  the  Pittsburgh 
bed,  and  occur  either  in  the  coal-measures  proper  or  the  underlying 
conglomerate.  It  was  impossible  to  judge  of  the  quality  of  the  coal- 
beds  from  the  small  specimens  exhibited,  and  never  having  had  the 
opportunity  of  examining  the  coal-field  in  person,  it  has  been  impos- 
sible for  the  writer  of  this  report  to  give  as  clear  an  explanation  of  the 
nature  of  the  coals  as  would  otherwise  be  the  case ;  and  as  a  large 
portion  of  the  district  has  not  yet  been  examined  by  the  oflScers  of 
the  State  Geological  Survey,  it  has  been  impossible  to  obtain  a  full 
description  of  the  nature  and  quality  of  the  coal-beds. 


GENERAL   REPORT  OF  THE   JUDGES  OF  GROUP  L  8 1 

The  cannel  coals  of  Eastern  Kentucky  represented  a  greater  area 
and  thicker  cannel  beds  than  any  other  exhibit;  as  coals  of  this  char- 
acter representing  workable  beds  were  exhibited  from  the  Ohio  river 
at  Greenup  County,  and  near  Cumberland  Gap. 

The  area  of  the  eastern  coal-field  is  8983  square  miles.  Twelve 
coal-beds  are  known  to  exist  above  the  great  conglomerate,  while  in 
the  southeastern  counties  two,  and  possibly  three,  beds  occur  in  the 
conglomerate,  which  are  some  of  them  thick-enough  to  mine.  These 
latter  coals  occur  all  along  the  western  margin  of  the  coal-field,  being 
in  places  4  to  5  feet  in  thickness,  but  their  remoteness  from  market,  and 
the  presence  of  coals  much  superior  in  quality  and  in  thicker  seams, 
will  probably  confine  their  exploitation  and  development  to  the  require- 
ments of  the  neighboring  population. 

The  first  bed  above  the  conglomerate  is  the  equivalent  of  the  Ohio 
Brier  Hill  coal.  It  varies  in  thickness,  being  at  times  too  thin  to  be 
profitably  mined,  but,  where  developed,  it  has  apparently  a  local  uni- 
formity, which  will  permit  of  its  being  easily  extracted,  where  suflS- 
ciently  thick.  Its  thickness  gradually  increases  from  the  Ohio  River, 
where  it  is  15  inches,  to  Warfield,  in  Martin  County,  where  it  is  5 
feet  Towards  its  western  outcrop  it  generally  thins  out  along  the 
line  of  its  outcrop,  where  it  occurs  in  the  tops  of  the  hills.  This  coal 
varies  in  quality  at  different  points,  but  is  generally  a  splint  or  open- 
burning  coal  in  character.  It  has  not  as  yet  been  tried  in  the  blast- 
furnace, but  from  some  of  the  analyses  given  below,  it  is  in  places  too 
high  in  sulphur  to  be  well  adapted  for  iron-smelting.  The  Geological 
Survey  of  the  State  furnished  me  with  the  following  analyses: 

I.  Little  Fork,  near  Willard,  Lawrence  County.     IL  Sweetman's,  near  the  Ohio  River. 

I.  II. 

Moisture 3.50  5.10 

Volatile  combustible  matter 36.30  35 '30 

Fixed  carbon 57.30  57.80 

Ash  .         .        .  • 2.90  1.80 

100.00  100.00 

Sulphur 1. 1 5  0.73 

Near  the  Ohio  this  coal  is  said  to  be  less  reliable  in  quality  than  in 

Carter  and  Lawrence  Counties. 

The  second  bed  is  of  less  importance  than  the  preceding ;  it  covers 

a  wide  extent  of  country,  however,  and  is  in  places  of  good  quality 

and  thick  enough  to  mine.     It  varies  from  2  to  3  J^  feet  in  thickness, 

and  it  is  at  present  mined  for  local  use.     The  State  Survey  furnished 

me  also  with  an  analysis  of  this  bed  from  Kibby's  opening,  on  Ever- 

man's  Branch,  Carter  County : 

6 
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Moisture 4'o 

Volatile  combustible  matter 34- 60 

Fixed  carbon 55-25 

Ash 4-77 

100.00 
Sulphur >-4* 

The  third  coal  above  the  conglomerate  is  probably  the  Kittanning 
coal  of  Pennsylvania;  it  varies  from  2^  to  6  feet  in  thickness;  the 
latter  being  at  Peach  Orchard,  on  the  Big  Sandy  River.  The  charac- 
ter of  the  coal  is  usually  bituminous,  although  it  sometimes  contains 
a  layer  of  cannel.  The  following  analyses,  furnished  by  the  State 
Survey,  serve  to  illustrate  the  quality  of  the  coal : 

I.  Average  of  five  analyses  from  Greenup  County. 
II.  Average  of  four  analyses  from  Lawrence  County. 

III.  Carter  Farm,  Carter  County. 

I.  II.  III. 

Moisture     .  • 3.56  3. 11  3.00 

Volatile  combustible  matter                  .         .35.00  36.23  36.20 

Fixed  carbon 52.34  54.33  4924 

Ash 9.02  6.30  11.56 

99.92  99-97  100.00 

Sulphur 2.59  2.87  1.38 

The  next,  or  fourth  coal,  is  less  persistent  than  No.  3  ;  in  character 
it  is  a  cannel,  with  portions  of  the  bed  bituminous.  The  cannel  por- 
tion of  this  bed  is  sold  in  the  market  under  the  name  of  Hunnewell 
cannel.  The  thickness  of  the  bed  varies  from  2^  to  5  feet;  but  in 
places,  as,  for  example,  in  Lawrence  County,  it  seems  to  be  entirely 
wanting.  An  analysis  in  the  report  of  the  old  Geological  Survey  of 
this  coal,  taken  from  Stinson  Bank,  Carter  County,  gives : 

Moisture 0.60 

Volatile  combustible  matter 66.30 

Fixed  carbon 28.30 

Ash 4.80 

100.00 
Sulphur 1.32 

The  amount  of  volatile  matter  in  this  coal  is  remarkable. 

The  fifth  coal-bed  in  the  series  is  known  locally  as  the  Pennington 
and  Cooksie  Fork  coal,  its  greatest  development  being  in  Lawrence 
and  Carter  Counties.  The  quality  of  the  coal  has  not  been  fully  as- 
certained, as  it  is  only  mined  at  the  Buena  Vista  furnace.  Here  the 
thickness  of  the  bed  is  38  to  40  inches,  and  the  coal  is  said  to  be  of  a 
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good  quality.  Its  composition,  as  given  by  the  officials  of  the  State 
Survey,  is : 

Moisture 3.20 

Volatile  combustible  matter 32.30 

Fixed  carbon 53-oo 

Ash 11.50 

100.00 
Sulphur 1.20 

The  large  percentage  of  ash  is  probably  due  to  the  upper  slaty  layers 
included  in  the  sample  which  was  taken,  and  which  can  be  rejected  in 
mining. 

The  sixth  coal-bed  has  its  greatest  development  in  Boyd  County ; 
it  is  known  locally  as  the  Keys  Creek  or  River  Hill  coal.  In  Greenup 
County  it  also  occurs,  but  is  less  reliable,  both  as  to  quality  and  thick- 
ness. It  is  mined  at  Louise,  in  Boyd  County  (the  northeasternmost 
county  of  the  State) ;  it  is  a  little  over  2  feet  thick,  and  is  of  a  good 
quality.  An  average  of  four  analyses,  made  by  the  chemist  of  the 
Geological  Survey,  gave : 

Moisture 3.27 

Volatile  combustible  matter 33*77 

Fixed  carbon 54-51 

Ash 8.91 

100.46 
Sulphur 1.56 

The  seventh  coal-bed  is  widely  known  as  the  Coalton  coal.  It  is 
extensively  worked  at  Willard,  on  the  Eastern  Kentucky  Railroad, 
and  at  Coalton  and  a  number  of  points  on  the  eastern  division  of  the 
Lexington  &  Big  Sandy  Railroad.  The  coal  is  splint  in  character, 
and  is  widely  used  in  a  raw  state  in  blast-furnaces,  for  which  purpose 
it  enjoys  a  high  reputation.  It  usually  occurs  in  a  bed  3^  to  6  feet 
thick,  in  two  or  three  parts,  with  partings  between,  each  part  being 
about  2  feet  thick.  Where  the  seam  is  less  than  6  feet  the  upper  part 
is  missing.  The  following  is  an  average  of  twelve  analyses  of  this 
coal,  made  by  the  State  Survey : 

Moisture 5.19 

Volatile  combustible  matter 32.04 

Fixed  carbon 55-59 

Ash 6.71 

99.53 
Sulphur 1.68 

Coal  No.  8  is  also  mined  at  Coalton,  where  it  is  reported  to  be  in 
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a  bed  of  4  feet  of  clear  coal.     In  quality  it  is  inferior  to  the  last 
named. 

The  following  table,  sent  me  by  Mr.  A.  R.  Crandall,  assistant  on  the 
State  Geological  Survey  of  Kentucky,  will  show  at  a  glance  the  area 
and  thickness  of  the  different  coal-beds : 


Number  of  coal-bed 
Greatest  thickness    . 
Ordinary      " 
Area  in  square  miles 
below  drainage 


<( 


Greenup  County.* 

I.   II.  III.  IV.  V.  VI.  VII. 

36   30   60   50   ?  54  36 

24   20   36   30   ?  30  3^ 

340  300  215  175  no  60  30 

65      47 


•  ••  •  •• 


Number  of  coal-bed 
Greatest  thickness    . 
Ordinary      " 
Area  in  square  miles 
below  drainage 


(( 


Carter  County.* 

I.     II.     III.    IV.      V.  VI.  VII.  VIII.  IX. 

.      50      37      40       ?       72  24  60      55      24 

30      20      30       ?        ?  20  36      36      20 

•    360    315    276    270    140  132  76      68      60 

.      98      85      62      57      49  40  30      13        9 


Number  of  coal-bed 
Greatest  thickness    . 
Ordinary       " 
Area  in  square  miles 
below  drainage 


« 


Boyd  County.* 

I.      II.     III.    IV.    V.  VI.  VII.  VIII.  IX. 

35      30      40  46  72      4*      25 

30       ?       28  38  52      30      20 

169    169    169    169    169  169  160    158    155 

169    169    160    157    135  100  60      32      25 


Number  of  coal-bed 
Greatest  thickness    . 
Ordinary      " 
Area  in  square  miles 
below  drainage 


<i 


Lawrence  County.* 


I.  II.  III. 

36  20  73 

30  20  36 

386  386  386 

210  180  164 


IV.     V.  VI.  VII.  VIII.  IX.  X.  XI. 

84  46  36      40      ...  30  43 

36  24  30      36       ?  ?        ? 

...    386  356  320    285     250  17s  140 


80      50      42      25 


10 


TENNESSEE. 

The  only  coals  exhibited  from  this  State  were  from  Anderson 
County  and  the  neighborhood  of  Chattanooga.  The  coals  from  the 
former  locality  were  exhibited  by  the  Poplar  Creek  Mineral  Railroad 
Company  from  the  line  of  their  road.  The  bed  chiefly  worked  is 
said  to  be  7  feet  thick ;  it  is  a  hard,  free-burning  splint  coal,  which  is 
nearly  free  from  sulphur,  and  when  once  ignited  burns  like  a  candle. 
It  is  used  in  blast-furnaces,  and  is  very  well  adapted  for  this  purpose. 
The  coals  from  the  Chattanooga  district  not  having  been  seen,  it  is 
impossible  to  describe  them. 


*  The  thickness  of  the  coals  is  given  in  inches. 
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ALABAMA. 

The  Selma  &  Alabama,  and  South  &  North  Alabama  Railroads 
exhibited  columns  showing  a  complete  section  of  the  rocks,  crossed 
by  the  lines  of  their  roads,  which  were  extremely  instructive.  The 
South  &  North  Alabama,  and  the  Selma,  Rome,  &  Dalton  Railroads 
displayed  coal  from  along  the  line  of  their  roads. 

The  three  coal-fields  of  Alabama,  called  the  Warrior,  Cahaba,  and 
Coosa,  embrace  an  area  exceeding  7000  square  miles, — ^the  two  latter 
being  separated  from  the  former  by  a  series  of  anticlinal  Silurian 
valleys.  From  recent  data  obtained  by  the  South  &  North  Alabama 
Railroad,  it  was  found  that  the  Warrior  coal-field  contains  forty-six 
seams  of  coal,  from  I  inch  to  6^  feet  in  thickness,  of  which  sixteen, 
measuring  over  2  feet  in  thickness,  are  considered  workable.  The 
Cahaba  coal-field  embraces  fifteen  beds  of  coal  from  i  inch  to  6^ 
feet  in  thickness,  of  which  sixteen  are  considered  workable,  as  being 
over  2  feet  in  thickness.  In  the  former  field  four,  and  in  the  latter 
seven,  seams  are  now  being  worked.  Some  of  the  coals  make  an 
excellent  coke  suitable  for  blast-furnace  use,  while  others  are  open, 
burning  splint  coals.  At  present  the  Eureka  Company  is  coking  70 
tons  a  day  in  Belgian  ovens,  principally  from  the  Wadsworth  bed, 
and  the  coke  made  produces  a  good  quality  of  foundry  pig  from  fossil 
ore.  Some  of  the  beds  also  yield  coals  which  generate  steam  most 
capitally.  From  the  data  it  was  possible  to  obtain  it  was  impossible 
to  ascertain  what  the  quality  of  the  different  coals  exhibited  was ;  con- 
sequently those  exhibited  are  merely  mentioned,  and  the  analyses 
given  that  were  attainable.  As  yet  the  coal-fields  of  Alabama  have 
never  been  developed  to  any  extent,  and  it  will  require  this  impulse 
to  ascertain  what  the  real  nature  of  many  of  the  coals  is. 

Cahaba  Coals. — Helena  bed,  mined  by  Byram  &  Bowers,  and 
Mrs.  Alois;  coal  3  to  5  feet  thick.  An  analysis  by  Otto  Wuth 
shows : 

Moisture        •        .        ...                 •        .        .        .        .  0.23 

Volatile  combustible  matter 35-53 

Fixed  carbon 61.26 

Ash S.85 

Sulphur          . 0.13 


100.00 


Beaver  Dam  bed,  worked  by  Robert  Peal  &  Co. ;  thickness  of  bed 
3  to  4  feet     Analyzed  by  Otto  Wuth : 
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Moisture 0.30 

Volatile  combustible  matter 31*3^ 

Fixed  carbon ^5*45 

Ash 2.81 

Sulphur 0.08 

100.00 

Black  shale  bed,  mined  by  the  Eureka  Company ;  coal  4  feet  thick. 
Analyzed  by  Otto  Wuth : 

Moisture 0.21 

Volatile  combustible  matter .33.28 

Fixed  carbon 64.10 

Ash 2.34 

Sulphur 0.08 

100.01 

Buck  bed,  mined  by  Eureka  Company;    coal  3  to  4  feet  thick. 
Analyzed  by  Otto  Wuth : 

Moisture        . 0.17 

Volatile  combustible  matter 25.97 

Fixed  carbon 70.10 

Ash 3.68 

Sulphur 0.07 

99-99 

Wadsworth  seam,  worked  by  Eureka  Company ;  coal  3  to  4  feet 
thick.    Analyzed  by  William  Gesner: 

Moisture 0.38 

Volatile  combustible  matter 31*7^ 

Fixed  carbon 64.36 

Ash .  2.96 

Sulphur 0.53 

100.01 

Cahaba  bed,  worked  by  Davis  &  Carr  and  S.  D.  Holt ;  coal  4  to  5 
feet  thick.     Analysis  by  R.  P.  Rothwell : 

Moisture 1.58 

Volatile  combustible  matter 32.60 

Fixed  carbon 62.62 

Ash 3.20 

100.00 

Sulphur  as  sulphate 0.23 

Sulphur  as  sulphuret  of  iron 0.73 
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The  Montevallo  bed  is  worked  by  Dr.  T.  H.  Aldrich.  Analyzed 
by  R.  P.  Rothwell : 

Moisture 2.13 

Volatile  combustible  matter 27.03 

Fixed  carbon 66.2a 

Ash 4.62 

100.00 

Sulphur  as  sulphate 0.11 

Sulphur  as  sulphuret  of  iron 0.39 

Warrior  Coals. — ^The  New  Castle  bed  is  worked  by  the  New 
Castle  Coal  &  Iron  Company.  The  seam  is  5  feet  8  inches  thick,  with 
a  shale  parting  of  5  inches. 

The  Morris  bed  is  mined  by  the  Jeflferson  Mining  Company,  the 
coal  being  3  feet  thick,  with  a  shale  parting  of  4  inches. 

The  Black  Creek  bed  is  mined  by  the  Jefferson  and  New  Castle 
Companies,  the  coal  being  3  to  4  feet  thick.  The  latter  company 
have  opened  the  bed  at  a  point  22  feet  above  the  level  of  the  railroad, 
at  a  place  where  it  is  very  convenient  to  ship  it  This  coal  has  been 
sent  to  the  Nashville  gas*works,  where  it  was  much  liked,  on  account 
of  the  small  percentage  of  sulphur  and  clinker  and  the  excellent 
quality  of  the  coke  made  from  it  The  amount  of  combustible  vola- 
tile matter  it  contains  is  very  great,  according  to  the  statements  made, 
being'  10,976  cubic  feet  of  gas  of  14^  candle-power  per  gross  ton,  and 
cannot  be  brought  into  accordance  with  the  analysis  given  below. 

The  Pierce  bed  is  mined  by  the  Pierce,  Warrior,  and  Alabama  Mining 
Companies,  the  coal  being  3  to  4  feet  thick.  One  peculiarity  of  the 
Warrior  coal-beds  is  the  presence  of  partings,  in  which  fact  they 
differ  from  the  Cahaba  coals. 

The  following  are  the  analyses  of  these  coals,  so  far  as  they  could 
be  obtained : 

!•  New  Castle  bed,  analyzed  by  Otto  Wnth.     II.  Morris  bed,  analyzed  by  William  Gesner. 

I.  11. 

Moisture 0.50  0.12 

Volatile  combustible  matter 28.24  26.11 

Fixed  carbon 59*^  7i'^ 

Ash 10.92  2.03 

Sulphur 0.64  0.10 

99.99  100.00 

The  next  coal-field  is  the  so-called  Eastern  Interior  Coal-Field^ 
which  includes  the  coal  found  in  the  States  of  Indiana,  Illinois^  and 
Western  Kentucky. 
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INDIANA. 

There  were  two  distinct  displays  of  coal  from  Indiana,  one  being 
at  the  State  Building,  the  other  in  the  Mineral  Annex  to  the  Main 
Building.  The  former  was  very  fine,  consisting  of  large  blocks  weigh- 
ing one  to  three  tons  each,  and  comprised  the  three  varieties  found  in 
the  State;  viz.,  caking,  block  or  splint,  and  cannel.  Many  of  the 
blocks  exhibited  the  entire  thickness  of  the  beds  from  which  they 
were  taken,  and  were  designed  to  convey  a  proper  idea  of  the  character 
and  quality  of  the  coal-beds.  The  entire  display  was  due  to  the 
energy  of  Professor  E.  T.  Cox,  State  geologist  of  Indiana.  The  speci- 
mens in  the  Mineral  Annex  were  small. 

There  are  three  workable  beds  of  caking  coal  in  the  State,  ranging 
from  4)^  to  10  feet  in  thickness,  and  three  seams  of  block  or  splint 
coal  that  range  from  2^  to  5  feet,  the  average  thickness  being  4  feet. 
Thus  far  only  one  bed  of  cannel  coal  has  been  developed,  and  is 
extensively  mined  in  Daviess  County. 

Parke  County  is  the  most  northern  portion  of  the  State  from  which 
specimens  were  exhibited,  and  they  came  from  the  Sand  Creek  Coal 
Company's  mines.  There  are  two  seams  of  coal  on  the  property,  of 
whicli  the  upper  one,  which  is  an  excellent  caking  coal,  4^  feet  thick, 
is  chiefly  mined.  An  analysis  of  this  coal  by  the  State  Geological 
Survey  gave  ; 

Moisture 4.50 

Volatile  combustible  matter 45 'SO 

Fixed  carbon 45-50 

Ash 4.50 

100.00 

The  coal  enjoys  a  high  reputation  for  locomotive  and  general  uses. 

The  display  from  Clay  County  was  quite  extensive,  consisting  of 
block  or  splint  coal  from  the  mines  of  Niblock,  Zimmerman,  &  Alex- 
ander, Black  Diamond  Mine,  Clay  Coal  Company,  Jackson  Coal 
Mining  Company,  B.  F.  Masten,  Otter  Creek  Coal  Company,  Yandes, 
Root,  &  Garbick,  and  Woodruff  &  Fletcher,  all  at  Brazil ;  of  the 
Watson  Coal  Mining  Company,  at  Knightsville ;  and  of  the  Carbon 
Coal  Company,  at  Carbon ;  of  caking  coal  from  the  Locust  Grove 
Mine,  at  Warwick ;  of  the  Ingleside  Mining  Company,  at  Vander- 
burg;  and  of  the  Cincinnati  &  Mutual  Company,  at  Cloverland.  The 
block  coal  is  mined  by  all  the  companies  from  three  seams.  The 
coal  bears  a  high  reputation  for  iron-smelting  and  steam  purposes,  is 
remarkably  free  from  sulphur,  and  contains  but  a  small  amount  of 
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ash.  As  samples  of  these  coals,  two  analyses  made  by  the  Geological 
Survey  are  given : 

I.  Garlick  &  Collins'  mine.  II.  Barnett's  mine. 

I.  II. 

Moisture 8.50  4.00 

Volatile  combustible  matter 31.00  37*  So 

Fixed  carbon 57*5o  57-oo 

Ash 3.00  1.50 

100.00  100.00 

The  caking  coal  from  Clay  County  comes  from  one  bed  which  is  6 
to  8  feet  thick,  having  one  or  two  clay  partings.  The  upper  6  inches 
of  the  bed  are  frequently  quite  sulphurous.  The  coal  will  not  answer 
for  iron-smelting  unless  it  is  coked;  but  is  said  to  be  excellent  for 
domestic  and  steam  purposes.  A  characteristic  specimen  of  the  coal 
analyzed  by  the  State  Survey  gave : 

Moisture 7.00 

Volatile  combustible  matter 39*  70 

Fixed  carbon 47«30 

Ash 6.00 

100.00    * 

From  Vigo  County,  the^itchfield  Coal  Company  exhibited  a  speci- 
men of  caking  coal,  and  a  specimen  of  the  same  sort  of  coal  was 
exhibited  from  Owen  County,  taken  from  Amey's  mine. 

From  Sullivan  County,  there  were  specimens  from  the  workings  of 
Banholzer  &  Son  and  H.  K.  Wilson.  The  coal  from  both  \s  of  the 
caking  variety;  it  belongs  to  the  "  M"  coal-bed  of  the  Indiana  Geo- 
logical Survey,  and  varies  from  4  to  9  feet  in  thickness,  with  two  or 
three  partings  in  the  seam.  An  analysis  of  the  coal  from  the  Wilson 
Mine,  made  by  the  Survey,  shows  : 

Moisture 2.35 

Volatile  combustible  matter 45*25 

Fixed  carbon 51.60 

Ash 0.80 

100.00 

The  yield  of  gas  is  large,  but  as  there  is  no  sulphur  given  with  the 
analysis,  it  is  impossible  to  say  how  well  adapted  it  may  be  for  this 
purpose. 

From  Martin  County,  there  was  a  specimen  of  the  coal  worked  at 
the  Baker  Mine,  at  Shoals.  Here  a  sub-conglomerate  seam,  3  to  4 
feet  thick,  is  mined ;  it  is  a  good  block  or  semi-block,  and  is  well 
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adapted  for  use  in  the  blast-furnace.    Analysis  of  this  coal  by  the 
Survey  gave : 

Moisture 2.50 

Volatile  combustible  matter 44*75 

Fixed  carbon S^'^% 

Ash 1.50 

100.00 

From  Daviess  County,  there  were  exhibited  specimens  of  cannel 
coal  from  the  Buckeye  Cannel  Coal  Company,  at  Cannelsburg ;  of 
block,  from  Colonel  J.  S.  Morgan's  mine,  at  Black  Oak  Station,  and 
E.  H.  Raymond's,  at  Washington ;  and  of  caking  coal,  from  Cabel, 
Wilson,  &  Co.  and  Spink  &  Cabel,  at  Washington.  The  caking  coal 
was  taken  from  the  "  L"  coal-seam  of  the  Indiana  Survey ;  it  is  an 
excellent  caking  coal,  3^  to  5)^  feet  thick,  and  is  quite  free  from 
sulphur.  An  analysis  of  the  coal  from  Spink  &  Cabel's  mine,  by 
the  Geological  Survey,  gave : 

Moisture 5.50 

Volatile  combustible  matter 30.00 

Fixed  carbon 60.00 

Ash 4.50 

100.00 

The  block  coal  belongs  to  the  "  X"  coal-bed  of  the  State  Survey ; 
it  is  2  to  5  feet  thick,  and,  as  seen  from  the  analysis  of  Raymond's 
coal  below,  sometimes  contains  more  gas  and  less  ash,  water,  and 
fixed  carbon  than  "  L."  The  samples  analyzed  by  the  Geological 
Survey  gave : 

I.  Raymond's  mine.  II.  Colonel  Morgan's  mine. 

I.  II. 

Moisture i.oo  5.50 

Volatile  combustible  matter 46.50  36.00 

Fixed  carbon 50*75  53-50 

Ash 1.75  5.00 

100.00  100.00 

This  is  the  only  county  in  which  cannel  coal  has  thus  far  been  dis- 
covered ;  it  is  4j^  feet  thick,  and  is  as  solid  as  a  rock,  being  so  firm 
and  durable  that  it  has  been  used  in  the  foundations  of  the  engines 
and  tip-houses  at  the  mines.  It  burns  without  snapping  or  throwing 
out  flakes,  and  yields,  on  distillation,  the  enormous  quantity  of  1 1,648 
cubic  feet  of  gas  of  25  candle-power  per  gross  ton,  according  to  the 
State  geologist.     It  is,  consequently,  widely  used  as  an  enricher  by 
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the  gas  companies,  and  is  also  held  in  high  esteem  as  a  grate*fuel. 
The  cannel  coal  in  this  bed  is  firmly  attached  by  the  bottom  to  1 8 
inches  of  jet-black  caking  coal.  It  is  very  free  from  pyrites,  and  con- 
tains 7  to  10.5  per  cent,  of  ash,  which  is  very  white. 

The  exhibit  from  Knox  County  comprised  the  caking  coal  mined 
at  Edwardsport  by  T.  H.  Shepard,  Thomas  Curry,  and  Muer  &  Free- 
man, and  of  block  coal  from  Helphenstein's  mine,  at  Bicknell.  The 
coal-bed  mined  at  Edwardsport  is  the  "  L"  of  the  Indiana  geologists. 
It  is  a  free  semi-caking  coal,  is  5  feet  thick,  and  is  usually  free  from 
sulphur.  It  is  well  adapted  for  locomotive,  rolling-mill,  or  engine  use. 
An  analysis  of  the  coal  from  Curry's  mine,  by  the  State  Survey,  gives  : 

Moisture 4.00 

Volatile  combustible  matter 54- 5^ 

Fixed  carbon 57>oo 

Ash 4.50 

100.00 

Helphenstein  &  Co.  also  exhibited  a  specimen  of  coal  from  the  town 
of  Bicknell. 

The  coals  of  Spencer  County  were  also  represented.  The  seam 
mined  is  the  "  L"  bed  of  the  Indiana  Survey,  locally  called  the  "knob 
coal."  Specimens  were  sent  by  J.  S.  Alexander,  the  Steats  Bank, 
and  Bar  &  Brother.  An  analysis  by  the  Geological  Survey  of  coal 
from  the  latter  bank  showed  : 

Moisture 3.50 

Volatile  combustible  matter 45.00 

Fixed  carbon          . 46.00 

Ash 2.50 

100.00 

The  coal  is  of  a  splint  or  open-burning  kind,  and  is  used  for  the  same 
purposes  as  that  taken  from  tlie  same  bed  elsewhere. 

WESTERN    KENTUCKY. 

The  coal-field  of  Western  Kentucky  is  a  continuation  of  the  In- 
diana and  Illinois  coal-field.  It  was  extensively  represented  at  the 
Centennial  Exhibition.  Unfortunately,  however,  the  identification  of 
the  different  beds  of  this  district  is  still  in  a  very  backward  condition, 
the  present  Geological  Survey  of  the  State  having  but  recently  taken 
up  the  subject ;  in  addition,  many  of  the  specimens  were  taken  from 
banks  but  little  opened,  where  the  nature  of  the  coal  is  as  yet  unde- 
termined. It  was,  of  course,  impossible  for  the  writer  of  this  report 
to  determine  the  nature  of  the  coalis  by  a  mere  inspection  of  small 
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specimens  ;  it  has  therefore  seemed  best  to  him  to  give  a  brief  outline 
of  the  different  beds  of  the  State,  not  mentioning  the  different  coal- 
banks  from  which  the  specimens  were  exhibited. 

The  number  of  coal-beds  in  the  Western  coal-field,  taking  into 
account  all  of  the  beds  which  are  to  be  found  in  the  space  between 
the  conglomerate,  at  the  base  of  the  measures,  and  the  "Anvil  Rock" 
sandstone,  is  twelve.  This  number  is  not  constant,  however,  but 
varies  according  to  localities.  Letters  are  used  to  designate  the  beds, 
and  the  lettering  begins  with  the  first  coal  below  the  "  Anvil  Rock." 
Beginning  with  the  uppermost  bed  in  the  series  included  between  the 
Anvil  Rock  sandstone  and  the  conglomerate,  the  several  coals  may 
be  briefly  described  as  follows  : 

Coal  A. — This  is  the  bed  more  commonly  known  as  "No.  12." 
Although  present  over  a  considerable  extent  of  territory,  it  is  mined 
very  seldom,  as  its  position  near  the  summit  of  the  formation  usually 
brings  it  near  the  tops  of  the  hills,  and  it  is  thus  seldom  found  in  a 
suitable  condition  for  working, — the  covering  being  insufficient,  and 
the  coal  too  soft,  or  too  untrustworthy  in  its  linear  extent ;  it  fre- 
quently happens  that  the  coal  is  only  indicated  by  a  mere  stain  or  a 
smutty  dirt.  When  found  in  a  workable  condition,  however,  this 
coal  is  comparatively  free  from  all  irregularities  in  its  bedding,  and  is 
easily  mined.  When  well  developed  it  varies  in  thickness  from  3  to 
6  feet.  In  texture  it  is  somewhat  variable,  occurring  as  a  firm,  glossy 
black,  dense  coal  at  one  locality,  while  at  another  it  may  be  soft  and 
rather  fragile, — apt  to  disintegrate  upon  long  exposure.  Unfortunately, 
it  has  not  been  found  possible  to  obtain  as  large  a  number  of  trust- 
worthy samples  of  the  coal  for  analysis  as  would  be  desirable,  but  the 
results  obtained  from  those  samples  which  have  been  examined  prove 
the  coal,  when  compared  with  other  beds,  to  contain  but  little  sulphur, 
— little  more,  in  fact,  than  is  contained  in  the  celebrated  block  coal 
of  Indiana.  The  following  is  a  generalization  of  the  analyses  which 
have  been  made  up  to  this  date : 

Moisture 4.15 

Volatile  combustible  matter .33.14 

Fixed  carbon 55<7i 

Ash 7.00 

100.00 
Sulphur 1.87 

The  percentage  of  sulphur  in  certain  samples  of  the  Indiana  block 
coal  has  been  determined  to  range  from  1.664  to  1.802.  The  fact  of 
its  being  too  fat  precludes  the  possibility  of  making  good  iron  with 
the  coal  in  a  raw  state.     It  was  thus  used  at  the  Airdrie  furnace,  on 
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the  Green  River,  but  the  quality  of  iron  produced  was  poor.  Excel- 
lent coke  may  be  made  of  it,  however,  and  when  thus  used  there  is 
no  good  reason  why  a  fair  quality  of  iron  may  not  be  obtained.  An 
analysis  of  the  coke  prepared  from  it  some  seventeen  years  ago  for 
use  at  the  Airdrie  furnace,  and  left  exposed  to  the  action  of  the 
weather  ever  since,  shows  its  composition  to  be  as  follows : 

Moisture  expelled  at  212^ 7.50 

"             **        at  red  heat  .        .        .        .        ,        ,         .        .  4.20 

Fixed  carbon 82.90 

Ash 5.40 

100.00 
Sulphur 0.64 

As  will  readily  be  understood,  the  above  does  not  fairly  represent 
the  quality  of  coke  that  can  be  made  of  the  coal,  as  a  large  percent- 
age of  the  moisture  indicated  is  undoubtedly  due  to  absorption ;  it 
is  equally  true  that  the  coke  may  have  parted  with  some  of  its  sul- 
phur. It  should  be  known,  also,  that  the  coke  was  prepared  in  open 
heaps  instead  of  such  improved  ovens  as  are  now  in  use. 

Coal  B. — This  bed  is,  taking  the  field  through,  quite  untrustworthy. 
It  thins  and  thickens  in  a  remarkable  manner,  and  it  is  seldom  free 
from  "  slips"  and  such  irregularities.  It  is  much  more  persistent  than 
Coal  A,  however.  It  is  always  found  with  one  clay  parting,  rarely 
two.  When  workable  the  coal  is  of  fair  quality,  as  a  fuel  for  general 
purposes,  although  rather  too  soft  to  withstand  a  long  period  of 
"  yarding."  As  a  bed  it  possesses  some  remarkable  properties.  It 
is  glossy  black  and  compact  in  its  larger  part,  although  frequently 
having  fibrous  coal  between  the  laminae.  The  upper  part  of  the 
bed  is,  on  an  average,  the  best,  the  quality  deteriorating  towards  the 
bottom.  The  following  is  an  average  of  six  analyses  made  of 
fairly-averaged  samples  of  the  coal : 

Moisture. 3.65 

Volatile  combustible  matter 38.40 

Fixed  carbon 51.87 

Ash ' 6.06 

Sulphur 3.12 

This  analysis  represents  the  general  character  of  the  full  bed,  and 
is  a  general  average  of  the  quality  of  the  coal  as  found  over  a  wide 
area  extending  from  the  eastern  border  of  Muhlenburg  County  to  the 
central  portion  of  Hopkins  County. 

The  two  following  are  averages  of  (I.)  four  analyses  of  the  upper 
member  of  the  coal,  which  measures  from  3  to  4  feet,  and  (II.)  of 
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three  analyses  of  the  lower  member,  which  measures  from  2  to  2^ 
feet  in  thickness : 

I.  II. 

Moisture ,  3.46  3.67 

Volatile  combustible  matter 38.17  37-42 

Fixed  carbon 50.42  SO'73 

Ash 7.93  9.16 

Sulphur 2.49  4.69 

It  will  be  seen  that  the  larger  portion  of  the  impurities  occurs  in  the 
lower  member  of  the  coal.  The  superiority  of  the  upper  member 
does  not  rest  here  alone,  however.  It  is  not  only  of  a  better  quality 
as  a  whole,  but  has  a  distinct  layer  at  the  top,  from  16  to  20  inches 
thick,  which  is  remarkably  rich  in  gas,  and  contains  but  little  sulphur. 
The  following  is  an  average  of  two  analyses  of  the  gas  coal : 

Moisture .  4.60 

Volatile  combustible  matter      . 40.10 

Fixed  carbon 51-35 

Ash 3.95 

loaoo 
Sulphur 1.491 

It  is  very  practicable  to  separate  this  gas  coal  from  the  other  parts 
when  mining,  and  if  this  is  done  the  inland  towns  can  be  furnished 
with  cheap  Kentucky  coal  instead  of  the  more  expensive  article  now 
generally  used  for  the  manufacture  of  their  gas. 

Coal  B  is  wrought  at  many  points  in  the  coal-field,  and  often  lies 
above  drainage.  It  is  found  towards  the  Ohio  River,  in  Henderton  and 
Daviess  Counties;  in  the  western  parts  of  Union  and  Webster  Coun- 
ties; widely  distributed  over  Hopkins  and  Muhlenburg  Counties;  at 
many  points  in  the  southern  half  of  Ohio  County,  and  is  known  to 
occur  towards  the  Green  River,  in  McLean  County. 

Coal  C. — This  bed  is  very  erratic  and  is  rarely  present.  It  usually 
occurs  merely  as  a  smut  of  2  inches  in  thickness;  but  has  been 
reported  to  measure  as  much  as  2j4  feet.  It  has  been  observed  in 
but  a  few  localities,  and  is  so  variable  that  it  has  no  value. 

Coal  D. — This  bed  is  the  one  known  as  "  No.  9"  in  the  reports  of 
the  first  geological  survey.  The  coal  varies  in  its  general  quality  and 
physical  features,  but  has  a  remarkable  uniformity  in  the  amount  of 
sulphur  it  contains.  It  is  usually  hard  and  compact,  made  up  of 
alternating  dull  and  glossy  black  laminae,  with  layers  of  fibrous  coal 
between,  which  gives  it  an  appearance  remotely  resembling  splint 
coal.  It  is  an  admirable  heating  fuel,  and  as  such,  when  properly 
screened,  is  of  peculiar  value.     It  is  highly  esteemed  for  that  pur- 
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pose,  but  is  too  fat  and  sulphurous  for  use  in  the  blast-furnace.  The 
upper  2^  feet  are  usually  the  best,  being  generally  freer  from  pyrites 
than  the  lower  portion.  It  is  believed  that  the  larger  portion  of  the 
sulphur  in  the  coal  is  contained  in  the  iron  pyrites,  which  are  always 
found  in  it  Fortunately,  the  larger  portion  of  the  pyrites  occurs  as 
bands,  and  may  be  removed  when  the  coal  is  mined.  The  coal  is 
remarkably  persistent  and  uniform  in  thickness,  and  is  found  above 
drainage,  or  less  than  75  feet  below  it,  over  a  larger  extent  of  ter- 
ritory than  any  other  bed  in  the  Western  coal-field.  From  this 
fact  it  may  be  considered  as  having  a  greater  general  value,  for 
the  present  at  least,  than  any  of  the  other  coal-beds  in  the  south- 
western portion  of  the  State.  Its  thickness  ranges  from  4  to  6  feet, 
averaging  about  4  feet  8  inches.  The  following  is  an  average  of 
twelve  analyses  of  the  coal : 

Moisture 3.82 

Volatile  combustible  matter 35*41 

Fixed  carbon 52.11 

Ash 8.41 

Sulphur 3.33 

This  coal  is  always  provided  with  a  trustworthy  roof,  and  may  be 
mined  with  safety  and  comparative  ease.  It  is  worked  at  many  points 
along  the  Louisville,  Paducah,  &  Southwestern  Railroad;  at  several 
points  along  the  St.  Louis  &  Southwestern  Railroad;  along  the 
Evansville,  Owensboro*,  &  Nashville  Railroad,  in  the  southwestern 
portion  of  Union  County ;  towards  the  Tradewater  River,  in  Webster 
County;  very  generally  over  Hopkins  and  Muhlenburg  Counties, 
and  is  frequently  exposed  and  worked  in  the  northern  portion  of 
Daviess  County,  towards  the  Ohio  River,  and  in  the  southwestern 
quarter  of  Ohio  County. 

Coal  E. — This  bed,  when  well  developed,  has  the  appearance  of 
being  very  fair  in  quality,  being  a  glossy  black,  firm,  even-textured 
coal.  It  is  one  of  the  most  remarkable  coals  in  its  variations  in  thick- 
ness, however,  to  be  found  in  the  field.  It  is  sometimes  entirely 
absent,  and  when  present  it  varies  from  j^  an  inch  to  25^  feet  in 
thickness.  It  is  believed  to  be  of  such  superior  quality  when  fully 
developed  that  a  thickness  of  3  or  3j^  feet  would  be  regarded  as 
workable  even  in  the  region  of  thicker  beds.  Unfortunately,  no 
analyses  have  yet  been  made  of  it  by  which  its  true  worth  may  be 
determined. 

Coal  F. — So  far  this  coal  has  not  been  found  valuable,  either  in  an 
economic  or  a  commercial  point  of  view.  It  is  proper  to  state,  how- 
ever, that  but  little  is  known  of  it,  as,  until  very  recently,  its  horizon 
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was  seldom  found.  It  is  not  improbable,  therefore,  that  the  coal  may 
prove  valuable  in  some  parts  of  the  field. 

Coal  G. — ^As  yet  little  is  known  concerning  this  coal.  So  far  as 
known  at  present  the  bed  is  thin  and  of  little  value. 

Coal  H. — This  bed  has  been  seldom  found.  It  varies,  so  far  as 
known,  from  less  than  4  feet  to  5  feet  in  thickness,  and  is  usually 
divided  at  from  2^  to  3)^  feet  from  the  bottom  by  a  clay  band  from 
2  to  5  inches  in  thickness.  No  analyses  have  yet  been  made  of  this 
coal ;  but  it  seems  safe  to  state  that,  judging  from  its  appearance  in 
the  bank  and  from  general  report,  it  is  in  part  of  very  fair  quality. 
The  upper  member  is,  so  far  as  proved,  very  soft  and  fragile,  and 
concretions  of  iron  pyrites  occur  in  the  bed ;  but  the  larger  part  of 
the  lower  member  is  very  firm,  and  seems  to  be  of  excellent  quality. 

Coal  I. — There  is  little  definitely  known  concerning  this  coal ;  a 
full  description  of  it  cannot,  therefore,  be  given.  It  has  been  observed 
at  a  few  points,  measuring  from  I  to  3  feet  in  thickness,  and  appa- 
rently of  good  quality.  It  is  above  drainage  in  the  southwestern 
quarter  of  Hopkins  County ;  in  Union  County ;  the  southern  part  of 
Ohio  County,  and  probably  in  the  southern  part  of  Muhlenburg 
County. 

Coal  J. — ^This  coal  varies  from  2  to  3}^  feet  in  thickness.  It  has 
been  mined  at  but  few  places.  There  is  considerable  fibrous  coal  be- 
tween the  laminae,  on  account  of  which  the  coal  withstands  exposure 
poorly;  the  percentage  of  sulphur  is  also  high.  The  following  is  an 
analysis  of  the  bed  as  it  occurs  at  Petersburg,  Christian  County : 

Moisture .  3.70 

Volatile  combustible  matter 32.56 

Fixed  carbon 50.04 

Ash I3>70 

100.00 
Sulphur 3.72 

This  bed  is  found  in  the  region  eastwardly  from  Caseyville,  in 
Union  County;  in  the  region  around  Petersburg  and  southwardly 
from  there,  in  Christian  County ;  and  frequently  along  the  disturbance 
which  extends  through  Union,  McLean,  Webster,  Ohio,  and  Grayson 
Counties. 

Coal  K. — ^This  bed  seems  to  be  quite  limited  in  its  distribution. 
It  is  not  probable  that  it  will  anywhere  be  found  having  much  value. 
This,  however,  is  a  mere  surmise,  as  very  little  is  known  concerning 
the  coal. 

Coal  L. — ^This  is,  perhaps,  the  poorest  coal,  having  great  extent  in 
the  field.     It  is  found  above  drainage,  or  but  little  below  it,  around 
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the  eastern,  southern,  and  western  margins  of  the  field ;  the  low  bed 
worked  at  Hawesville  and  vicinity,  in  Hancock  County,  near  the  Ohio 
River,  may  also  correspond  to  this  number.  The  bed  is  also  lifted 
above  drainage  from  Union  County,  across  Webster  (passing  near 
Sebree  Springs),  McLean,  and  Ohio  Counties,  into  Grayson  County. 
The  coal  has  been,  or  is  now,  wrought  at  the  Coaltown  banks,  in 
Christian  County;  in  the  vicinity  of  Tradewater  Station,  in  Hopkins 
and  Caldwell  Counties;  in  the  region  around  Caseyville,  in  Union 
and  Crittenden  Counties;  near  Wrightsburg  (?),  in  McLean  County; 
and  has  been  opened  at  a  number  of  points  in  Edmondson,  Grayson, 
and  other  counties.  It  varies  from  3  to  5  j^  feet  in  thickness.  The 
following  is  an  average  of  four  analyses  of  the  coal : 

Moisture 4.23 

Volatile  combustible  matters 33-21 

Fixed  carbon 54*i9 

Ash 8.35 

Sulpbur 1.50 

The  Breckenridge  cannel  coal  is  the  first  coal  above  the  sub-car- 
boniferous series.  It  is  celebrated  for  its  remarkable  properties  as  an 
oil  producer  and  gas  enricher.  A  fine  specimen  of  it  was  placed  on 
exhibition  shortly  before  the  close  of  the  Centennial.  The  coal  is  so 
rich  in  volatile  bituminous  matter  that  oil  was  distilled  from  it  prior 
to  the  discovery  of  petroleum,  and  it  was  at  one  time  sent  all  the  way 
to  New  York  as  an  enricher  in  the  gas-works.  The  coal,  so  far  as 
traced,  seems  to  be  confined  to  Breckenridge  and  Hancock  Counties. 
The  thickness  of  the  seam  is  22  to  38  inches.  The  coal  is  remarkably 
dense  and  tenacious,  and  resists  cross-fracture.  More  oil  can  be  ob- 
tained from  it  than  from  the  famous  Scotch  Bog-Head  cannel,  which 
yields  72  gallons  of  oil  and  12  pounds  of  paraflSne,  while  the  Brecken- 
ridge cannel  yields  92  gallons  of  marketable  oils.  At  present,  however, 
its  greatest  value  is  as  a  gas  producer  or  enricher.  Three  analyses  are 
appended  of  this  coal :  L,  by  Dr.  Peter ;  II.,  average  of  four  analyses 
made  by  D.  D.  Owen,  both  of  the  Kentucky  Survey ;  III.,  by  Gesner : 

I.  II.  III. 

Moisture 1.30  1.44  6.45 

Volatile  combustible  matter         .        .        .  54.40  62.40  61.30 

Fixed  carbon 32.00  28.20  30.00 

Ash 12.30  7.96  8.05 

100.00     100.00     105.80 

Dr.  Peters  states  that  in  one  specimen  of  air-dried  coal  he  found  the 
percentage  of  sulphur  to  be  2.443.     ^^  ^"^y  needs  a  good  means  of 
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transportation  to  have  this  coal  transported  large  distances  for  gas 
purposes. 

.ILLINOIS. 

The  only  coal  from  the  State  of  Illinois  was  exhibited  by  the 
Grand  Tower  Mining,  Manufacturing,  &  Transportation  Company,  and 
is  known  all  over  the  West  as  "  Big  Muddy  Coal."  The  bed  mined 
is  5  feet  thick,  with  a  slate  parting  of  2  inches  at  about  the  middle. 
Although  of  an  inferior  quality  compared  to  the  Indiana  and  more 
Eastern  coals,  it  is  the  best  as  yet  found  in  the  State.  It  is  a  block  or 
splint  coal,  and  is  used  for  iron-smelting,  and  when  properly  pre- 
pared will  give  a  tolerable  grade  of  pig-iron ;  it  is  also  used  for  steam 
and  domestic  purposes.  An  analysis  of  the  coal  by  the  Illinois  Geo- 
logical Survey  gave : 

Moisture 6.50 

Volatile  combustible  matter 31.20 

Fixed  carbon 60.80 

Ash 1.50 

100.00 

The  amount  of  sulphur  is  not  stated. 


IOWA. 

The  coal  in  Iowa,  together  with  that  found  in  Missouri,  Kansas, 
and  Arkansas,  belongs  to  the  Western  Interior  Coal-field. 

There  were  but  two  exhibits  of  coal  from  this  State ;  one  from  the 
mines  of  Wesley  Redhead,  at  Des  Moines,  the  other  from  the  Ma- 
haska Coal  Mining  Company,  in  Mahaska  County.  The  coal  at  the 
former  mine  is  4^  to  6  feet  thick,  and  at  the  latter  locality  7  to  9^ 
feet.  All  the  Iowa  coal  is  of  inferior  quality,  and  only  adapted  to 
domestic  and  steam  use.  Indeed,  it  is  not  much  liked  for  the  latter 
purpose  on  locomotives,  as,  owing  to  the  high  percentage  of  pyrite 
and  ash  in  the  coal,  it  readily  forms  large  quantities  of  clinker,  and 
on  this  account  wood,  or  more  Eastern  coals,  are  often  used  in  pre- 
ference. 

MISSOURI. 

The  Hannibal  &  St.  Joseph  Railroad  Company  exhibited  coal 
from  along  the  line  of  their  road  in  Macon,  Linn,  Howard,  and  Liv- 
ingston Counties.  As  yet,  however,  the  correlation  of  the  different 
beds  has  not  been  established  by  the  State  Geological  Survey,  nor 
was  it  possible  to  say  much  from  the  samples  exhibited.  It  is  a  well- 
known  fact  that  the  Missouri  coals  are  all,  so  far  as  they  have  been 
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hitherto  examined,  of  an  inferior  quality.  They  contain  from  2  ^o'^/u'^q  ^ 
or  even  more,  per  cent,  of  sulphur,  and  2  to  10  per  cent,  of  moisture, 
while  they  are  all  high  in  ash.  Some  of  the  coals  coke,  others  will 
not  They  are  totally  unfit  for  iron-smelting,  as  is  well  attested  by 
the  fact  that  the  blast-furnaces  around  St  Louis  all  use  Youghiogheny 
coke  or  Big  Muddy  coal.  They  are,  of  course,  of  an  inferior  quality 
for  steam-raising,  gas-making,  and  domestic  purposes.  The  analysis 
of  the  coal  from  the  Bevier  Mine,  in  Macon  County,  made  by  the 
chemist  of  the  State  Geological  Survey,  will  serve  as  a  sample.  It 
will  be  observed  that  the  percentage  of  sulphur  is  not  given  : 

Moisture 12.05 

Volatile  combustible  matter .40.75 

Fixed  carbon 43'5o 

Ash 3.70 

100.00 
GREAT  BRITAIN. 

The  exhibits  were  by  the  West  Cumberland  Iron  &  Steel  Company, 
the  Wigan  Coal  &  Iron  Company,  Frederick  Dixon,  and  Elizabeth 
Marriott 

The  West  Cumberland  Iron  &  Steel  Company  exhibited  coal  and 
coke  used  at  their  works  ;  so  far  as  could  be  judged  from  the  speci- 
mens exhibited,  both  were  of  an  excellent  quality;  no  information 
was  given  with  the  exhibits  as  to  the  basin  or  bed  from  which  the 
coal  came. 

The  Wigan  Coal  &  Iron  Company  exhibited  specimens  of  their 
gas  and  cannel  coals,  too  widely  known  to  need  any  description. 

Frederick  Dixon  and  Elizabeth  Marriott  exhibited  specimens  of 
patent  fuel,  but,  so  far  as  could  be  ascertained,  neither  of  them  has 
as  yet  attained  any  importance. 

PORTUGAL. 

This  country  sent  a  few  small  specimens  of  coal,  which,  according 
to  the  Catalogue,  were  exhibited  by  B.  Rodrigues  d'Oliveira  from  San 
Pedro  de  Cova,  by  the  Industrial  Union  Company  from  Povoa  de 
Pedoride,  and  by  Frederico  de  Cabral  from  Monte  das  Cavadinhos. 
The  specimens  themselves  were  too  insignificant  to  enable  one  to 
judge  as  to  their  quality,  nor  were  any  analyses  or  information  fur- 
nished as  to  their  value  economically. 
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SPAIN 

The  exhibits  of  coal  from  this  country  were  numerous,  but  for  the 
most  part  very  small  in  size,  so  that  it  was  impossible  to  form  any 
idea  as  to  their  quality.  The  information  furnished  was  of  the  scantiest 
nature,  nor  were  any  analyses  given  with  the  exhibits  from  which  any 
opinion  as  to  the  real  value  of  the  coals  as  fuel  could  be  formed. 
This  is  the  more  to  be  regretted,  as  many  of  the  specimens  looked 
well,  and  probably  would  compare  favorably  with  many  British  and 
American  coals.  The  following  is  a  list  of  the  exhibits :  from  the 
Province  of  Barcelona,  by  La  Perla  Bergadana  Mining  Company  and 
Gispert  y  Pujals;  from  the  Province  of  Burgos,  by  Eugenio  Oria  and 
the  Juaneiia  Society;  from  the  Province  of  Castellon,  by  Miro  y 
Cerda ;  from  the  Province  of  Cardoba,  by  the  Coal-Pit  Company  of 
Belmez ;  from  the  Province  of  Gerona,  by  El  Veterano  Mineral  So- 
ciety ;  from  the  Province  of  Oviedo,  by  the  Board  of  Agriculture, 
Industry,  and  Commerce,  the  Coal-Pit  Society  of  Mufion,  the  National 
Works  of  Trubia  (which  also  exhibited  coke  from  the  coal),  Garcia  de 
los  Rios  and  Braulio  Vignon  (anthracite) ;  from  the  Province  of  Pa- 
lencia,  by  the  mines  of  Castilla  (together  with  the  coke  made  from 
the  coal) ;  from  the  Province  of  Seville,  by  Isaac  Pereire ;  and  from 
the  Province  of  Teruel,  by  Andres  Peguero  and  Francisco  Sierra. 


SWEDEN. 

The  only  coal-field  of  Sweden  which  has  been  developed,  or  is  of 
any  importance,  is  an  extremely  limited  one,  occurring  in  the  Prov- 
ince of  Skane,  the  most  southern  portion  of  the  country.  The  coal 
does  not  belong  to  the  true  Carboniferous  formation,  being  of  a  more 
recent  age,  and  occurs  in  rocks  of  Triassic  or  Jurassic  age. 

The  only  exhibit  made  was  by  the  Hoganas  Coal  Mining  Company, 
where  mining  was  commenced  in  1797.  The  bed  now  worked  lies 
at  a  depth  of  60  to  280  feet,  and  is  4.8  feet  thick.  Of  this,  however, 
but  7  inches  is  of  first  quality,  14  inches  of  second,  and  5  inches  of 
third  quality,  while  the  rest  consists  of  a  dark  carbonaceous  slate. 
Analyses  of  the  coal  made  by  E.  Erdman  of  the  Geological  Survey 
gave: 

zst  quality.  ad  quality.  3d  quality. 
Volatile  combustible  matter        .        .     32.9                   25.0  17.4 

Fixed  carbon 64.1  54.7  39.3 

Ash 3.0  20.3  43.3 


loo.o  loo.o  100.0 
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The  extent  of  the  coal  formation  has  not  yet  been  definitely  ascer- 
tained, but  is  now  being  examined.  Most  of  the  coal  of  this  field  is 
open-burning,  although  some  of  it  will  coke,  giving  a  product  of  in- 
ferior quality.  The  total  production  of  coal  in  Sweden  for  1873  was 
only  2,238,032  cubic  feet,  of  which  1,718,346  cubic  feet  came  from 
the  Hoganas  mines.  The  total  quantity  is  not  one-eighth  of  that 
imported  into  the  country,  and  its  consumption  is  very  limited. 

RUSSIA. 

This  country  exhibited  quite  an  extensive  suite  of  samples  of  coal, 
both  anthracite  and  bituminous,  and  accompanied  for  the  most  part 
by  analyses,  furnished  by  the  Russian  Mining  Bureau. 

The  administration  of  the  mining  district  of  Western  Poland  ex- 
hibited specimens  of  coal  belonging  to  the  Trias  and  Jura  formations. 
Some  of  the  coals  coke,  others  do  not.     No  analyses  were  furnished. 

A  much  larger  suite  of  coal  was  exhibited  from  the  most  southern 
province  of  Russia  (the  Government  of  Taureda),  the  analyses  of  which 
show  that  the  greater  portion  of  them  are  semi-bituminous.  As  is  seen 
from  the  analyses,  they  are  all  very  low  in  sulphur  and  ash,  appear  to 
be  of  a  good  quality,  and  are  well  adapted  for  iron-smelting. 

I.  From  the  Volyntzowskaja  Pit,  belonging  to  Princess  Dolgoniky,  on  the  right  bank 
of  the  Bulawin  River;  the  seam  is  4^  feet  thick. 

II.  From  the  Golubowskaja  Pit,  belonging  to  the  Dessemon  Company,  on  the  left  bank 
of  the  Lugani  River.     There  are  two  beds,  each  2  feet  4  inches  thick. 

III.  From  pits  belonging  to  Nestroff  &  Smoljaninoff,  on  the  right  bank  of  the  Calm! us 
River.     The  coal-bed  is  3^  feet  thick. 

IV.  From  the  Alexandrowskaja  Pit,  belonging  to  Prince  Liven,  on  the  right  bank  of  the 
Calmitts  River.    The  bed  is  6^  feet  thick. 

There  was  also  a  specimen  from  the  Inow  Pit,  on  the  left  bank  of  the  Olchowaja  River, 
where  the  bed  is  2  feet  4  inches  thick. 


I. 

• 

fl. 

III. 

IV 

Volatile  matter 

.     12.64 

37.95 

16.50 

29.00 

Fixed  carbon   . 

.    86.04 

61.21 

82.63 

69.92 

Ash 

.       1.32 

0.84 
100.00 

0.87 
100.00 

1.08 

100.00 

100.00 

Sulphur  . 

0.80 

0.35 

0.24 

0.36 

None  of  the  coal-beds  represented  appear  to  be  of  very  great 
thickness,  and  some  of  them  so  thin  that,  unless  suitable  labor  can  be 
obtained  very  cheaply,  it  seems  rather  doubtful  whether  they  can  be 
profitably  worked. 
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NEW  ZEALAND. 

A  very  fine  suite,  showing  the  coal  resources  of  this  British  colony, 
was  displayed  by  Dr.  Hector,  Director  of  the  Geological  Survey;  ex- 
hibits were  also  made  by  the  Parapara  Coal  Company,  Kennedy 
Brothers,  Albion  Coal  Company,  and  the  Nelson  Committee.  All  of 
the  exhibits  came  from  the  Province  of  Nelson,  in  South  Island,  and 
are  of  Mesozoic  age.  Dr.  Hector's  exhibit  consisted  of  various  speci- 
mens. The  first  was  a  caking  coal,  from  the  Brunner  Mine;  it  is 
tender  and  friable,  but  cakes  strongly,  the  best  variety  forming  a  vit- 
reous coke,  with  a  high  metallic  lustre.  It  is  stated  that  in  average 
samples  of  the  coal  one  pound  of  it  will  evaporate  7.5  pounds  of 
water.     The  beds  at  this  mine  are  2  to  20  feet  thick. 

A  specimen  of  scmi-bituminous  coal  was  exhibited  from  Pakawau, 
which  is  said  to  be  either  non-caking  or  to  cake  together  moderately. 

The  Parapara  Coal  Company  exhibited  a  block  of  coal  taken  from 
a  bed  3  feet  thick,  said  to  represent  the  general  quality  of  the  coal- 
field. The  coal  occurs  in  a  mountain-range  on  the  north  bank  of  the 
Aorere  River,  the  mine  being  worked  by  a  drift  in  the  hill-side,  about 
800  feet  above  tide.  This  drift  has  cut  through  five  coal-seams,  vary- 
ing from  18  inches  to  3  feet  in  thickness,  the  whole  giving  6  feet  of 
workable  coal.  In  the  British  Catalogue  it  is  claimed  to  be  unsur- 
passed in  New  Zealand  for  gas  purposes,  to  be  an  excellent  household 
fuel,  and  very  superior  for  steam  use. 

The  Albion  Coal  Company  exhibited  a  block  of  coal  from  Ngaka- 
wau.  The  bed,  said  to  be  10  feet  thick,  ascends  from  the  sea-level  to 
an  elevation  of  1400  feet  in  Mount  Frederic  range,  20  miles  north  of 
Westport,  with  which  the  mine  is  connected  by  railway.  The  appear- 
ance of  the  coal  was  fair. 

Kennedy  Brothers  exhibited  specimens  of  coal  and  coke  from  the 
Brunner  Mine,  which  is  situated  on  the  Grey  River,  seven  miles  from 
the  port  of  Greymouth.  The  bed  worked  has  a  uniform  thickness  of 
16  feet,  all  pure,  clean  coal.  This  coal  is  said  to  be  eagerly  sought 
after  in  the  colony  for  gas  and  foundry  purposes.  Engineers  of  local 
steamers  prefer  this  coal  for  steam  purposes  to  that  from  New  South 
Wales.  The  coke,  already  mentioned,  does  not  look  to  be  of  a  first- 
rate  quality,  and  is  rather  friable. 

The  Nelson  Committee  exhibited  blocks  of  coal  from  Reefton  and 
Coalbrook  Dale,  Mount  RochforL  At  the  latter  point  there  are  two 
coal-seams,  8  feet  and  18  inches  thick,  at  an  elevation  of  2200  feet 
above  the  sea.     The  coal  was  fair  in  appearance. 

It  is  much  to  be  regretted  that  no  analyses  of  the  New  Zealand 
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coals  were  furnished  from  which  some  idea  of  the  actual  value  of  the 
coals  could  be  ascertained. 

AUSTRALIA. 

There  were  exhibits  from  several  of  the  British  Australian  colonies. 

QUEENSLAND. 

While  coal  belonging  both  to  the  Mesozoic  and  Carboniferous 
periods  occurs  in  this  colony  of  Great  Britain,  only  that  belonging  to 
the  former  appears  to  be  worked  and  was  represented  at  the  Exhibition. 
According  to  Richard  Daintree,  the  coal-beds  of  the  Carboniferous 
are  in  many  cases  of  a  fair  thickness,  and  there  appear  to  be  many  of 
them ;  but  their  exploitation,  if  carried  on  at  all,  appears  to  be  but 
small,  and  must  be  confined  to  mere  local  use.  Exhibits  of  coal  were 
made  from  the  Mesozoic  coal-basin,  which  extends  from  Ipswich,  on 
the  Brisbane  River,  to  the  coast. 

Samples  of  coal,  in  some  cases  several  feet  in  size,  were  exhibited 
from  the  Tivoli  Mine,  two  miles  from  Ipswich  ;  the  Aberdare  Mine, 
five  miles  from  the  same;  the  Allora  Mine,  one  mile  from  AUora;  the 
Flagstone  Creek  Mine;  the  Rosewood  Mine;  Bengera  Mine;  the 
Clifton  Mine;  Perseverance  Mine,  at  Ipswich;  Blackfellow's  Creek, 
near  Galton ;  Warwick ;  and  by  W.  R.  Alexander.  Gullard  &  Co., 
who  own  the  Tivoli  Mine,  exhibited  with  the  coal  the  coke  made  from 
it  The  coal  occurs  here  in  a  bed  3  feet  thick,  and  presented  a  very 
good  appearance,  as  did  the  coke  made  from  it.  The  latter,  although 
inferior  to  Durham  and  Connellsville  coke,  was  firm  and  strong,  and 
appeared  to  be  well  adapted  to  use  in  the  blast-furnace  for  iron-,  tin-, 
or  copper-smelting.  The  following  analyses  were  attached  to  the 
specimens : 

I.  Coal.  IL  Coke. 

I.  n. 

Moisture 1. 14                i-H 

Volatile  combustible  gases .        .        .        .       lO-l-N  6?6r          30-02 

Fixed  carbon 79.01    coke  68.84 

Ash 7.73  

Sulphur 0.37  

100.00  100.00 

This  coal,  from  the  analysis,  is  semi-bituminous  in  character,  and 
better  adapted  for  making  coke  and  for  raising  steam  than  for  other 
purposes. 

The  coal  exhibited  by  W.  R.  Alexander  is  taken  from  a  mine  thirty- 
one  miles  from  Brisbane.     The  bed  is  said  to  be  but  i  foot  thick. 
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Neither  the  coal  nor  flie  coke  made  from  it  presented  a  favorable 

appearance ;  the  latter  not  appearing  firm  nor  of  a  special  quality. 

Analyses  attached  to  the  specimens  gave  (I.  being  the  coal,  II.  the 

coke) : 

I.  II. 

Moisture 1.92  1.92 

Volatile  combustible  matter        .        .         .       { o  4-  N    o  08  1  47-73 

Fixed  carbon 68.28    coke  50.35 

Ash 13*9^  

Sulphur 0.40  


100.00  100.00 


The  percentage  of  ash  is  nearly  double  that  of  the  preceding  coal. 

The  remaining  specimens  were  without  analyses,  but  in  their 
appearance  resembled  that  from  the  Tivoli  Mine. 

NEW  SOUTH   WALES. 

Specimens  of  coal  were  exhibited  from  each  of  the  four  principal 
coal-fields,  and  also  specimens  of  coke;  the  whole  being  displayed  by 
the  Department  of  Mines.  The  Lithgow  Valley  Iron  &  Coal  Com- 
pany also  exhibited  coal.  No  analyses  accompanied  the  specimens, 
which  is  the  more  to  be  regretted,  as  this  colony  contains  mines  more 
developed  than  any  other  in  Australia. 

VICTORIA. 

Two  specimens  of  coal  were  exhibited  from  this  colony  of  Great 
Britain,  but  without  any  localities  or  facts  being  furnished.  It  was 
impossible  from  these  to  form  any  opinion  as  to  their  quality. 

TASMANIA. 

There  were  three  exhibits  of  coal  from  this  colony  of  Great  Britain. 
Frederick  Groom  exhibited  a  specimen  from  Harefield,  near  Fingal,  in 
Cornwall;  James  Harcourt,  from  Leymour,  in  Glamorgan;  and  Lyell 
&  Gowan,  from  the  river  Don.  No  proof  of  quality  by  analyses  or 
otherwise  were  furnished,  and  it  was  impossible  to  determine  the 
quality  from  the  specimens  exhibited.  The  coal  mined  is  almost  ex- 
clusively used  for  domestic  purposes,  and  the  quantity  is  small,  as  a 
good  deal  of  this  fuel  is  annually  imported  from  New  South  Wales. 

INDIA. 

The  India  Museum  sent  from  its  collections  specimens  of  coal  from 
the  Nerbudda  Coal  &  Iron  Company's  mines. 
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JAPAN. 

No  analyses  of  the  specimens  of  coal  were  furnished,  and  it  was 
impossible  to  determine  their  quality  from  an  examination  of  those 
displayed.  The  following  information  is  derived  from  the  Japanese 
Sectional  Catalogue : 

Mineral  fuels  are  found  in  numerous  places,  and  have  been  worked 
in  small  quantities  for  many  years,  their  use  being  confined  to  the 
salt-works,  limekilns,  and  occasionally  blacksmiths'  forges.  The  most 
important  coal-fields  are  those  in  the  northwest  of  the  island  of  Kin- 
shiu,  in  the  district  of  Karatsu;  and  also  in  the  island  of  Takashima, 
near  Nagasaki.  When  the  American  steamers  commenced  running 
between  China  and  Japan,  they  generally  provided  themselves  at  Na- 
gasaki with  Karatsu  coal.  This  fuel  is  found  in  a  sandstone  for- 
mation, frequently  broken  through  by  granitic  dykes.  The  beds 
appear  on  hill-sides,  are  at  the  most  5  feet  thick,  and  are  composed 
of  alternate  layers  of  coal  and  slate,  the  thickness  of  the  former  vary- 
ing from  a  few  to  20  inches  in  the  best  places.  The  total  yield  of  the 
Karatsu  district  may  be  estimated  at  80  to  90  tons  daily. 

The  development  of  steam  navigation  soon  demanded  a  larger  sup- 
ply of  fuel,  and  the  working  of  the  rich  seams  in  the  island  of  Ta- 
kashima, about  eight  miles  west  of  Nagasaki,  was  then  commenced  on 
modern  systems  with  improved  machinery.  This  mine  produced 
78,000  tons  in  1874.  The  seams,  having  a  dip  of  some  20°  from 
south  to  north,  are  thirteen  in  number,  varying  from  3  feet  to  10  feet 
in  thickness ;  but  only  five  of  them  yield  a  good  quality  of  coal.  The 
work  was  commenced  in  1868,  by  the  sinking  of  a  shaft  in  the  north- 
ern part  of  the  island  down  to  the  second  bed,  which  was  8  feet  thick, 
and  was  worked  out  in  1875.  A  second  shaft,  more  to  the  south, 
has  been  sunk  to  the  lowest  strata,  where  two  good  seams  of  8  and 
10  feet  thickness  are  found  lying  above  one  another,  with  very  little 
barren  measures  between  them.  In  addition,  a  little  below,  half-way 
down,  the  shaft  traverses  another  bed,  5  feet  thick,  of  a  coal  of  good 
quality.  The  daily  production  at  this  shaft  is  650  tons.  The  produce 
is  composed  of  60  per  cent,  of  small  coal,  quite  good  enough  for 
steamers.  The  coal  is  of  a  good  quality,  containing  only  5  to  7  per 
cent,  of  ash,  of  a  caking  quality,  and  giving  an  excellent  coke,  and  is  fit 
for  any  industrial  purpose.  There  is  now  a  working  population  of  1 500 
miners,  and  200  carpenters,  blacksmiths,  etc. 

The  exhibit  was  made  by  the  Mining  Department  at  Tokio 
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in.  LIGNITE, 

The  principal  exhibit  of  lignite  from  the  United  States  was  made 
by  the  Commissioners  of  the  State  of  Colorado.  The  lignite  from  the 
different  coal-fields  in  this  State  varies  very  greatly,  for  while  the 
greater  portion  contains  too  large  a  proportion  of  water  to  coke  effi- 
ciently, that  mined  at  Trinidad  not  only  yields  a  coherent  coke,  but 
contains  a  sufficient  quantity  of  hydrocarbons  to  be  used  in  the  gas- 
works at  Denver.  The  question  of  obtaining  a  coherent  coke,  if  pos- 
sible, from  some  of  the  Western  lignites  is  a  matter  of  great  importance 
in  the  development  of  the  smelting  operations  on  the  gold,  silver,  lead, 
and  copper  ores  that  are  being  so  extensively  mined ;  the  more  so 
when  it  is  borne  in  mind  that  coke  is  shipped  all  the  way  from  Pitts- 
burgh, Pennsylvania,  to  Utah  to  be  used  in  the  smelting-works.  Nor 
can  this  question  cease  to  become  constantly  a  more  urgent  and 
pressing  one  in  proportion  as  the  scanty  supply  of  wood  in  the  West 
becomes  exhausted  without  being  replaced.  Nor  is  it  confined  to 
this  alone  when  we  think  of  the  large  consumption  of  coal  necessary 
for  blacksmithing  and  foundry  use,  which  becomes  a  factor  of  some 
importance  if  it  has  to  be  transported  2000  to  3000  miles.  At  present, 
however,  experiments  are  being  made  at  several  points  to  determine 
the  value  of  these  lignites,  and  until  their  conclusion  it  is  premature 
to  speak  of  their  possible  future  value  for  metallurgical  purposes.  One 
great  defect  which  they  all  labor  under  is  the  great  tendency  to  fall  to 
pieces  when  at  all  exposed  to  the  weather,  while  many  of  them  also 
decrepitate  on  exposure  to  heat. 

The  Geological  Survey  of  Canada  exhibited  specimens  of  lignite 
from  the  Saskatchewan  River  and  Vancouver's  Island.  The  former 
may  in  time  prove  of  some  importance  for  domestic  consumption,  but 
will  probably  never  be  used  for  other  purposes.  The  Vancouver's 
Island  lignite  will  very  probably  prove  of  some  little  importance  for 
the  residents  of  British  Columbia  for  household  and  steam  purposes, 
but  unless,  as  the  mines  are  extended,  the  quality  of  the  coal  improves 
and  it  is  found  possible  to  coke  it,  the  demand  will  always  be  a  limited 
one. 

Dr.  Hector,  of  the  Geological  Survey  of  New  Zealand,  exhibited 
specimens  of  lignite,  showing  the  transition  from  the  true  lignite 
through  bituminous  to  anthracite  coal,  which  were  very  interesting. 
J.  J.  Oakden  exhibited  a  specimen  of  anthracite  coal  from  Lake  Cole- 
ridge, Province  of  Canterbury.  There  are  said  to  be  two  seams,  each 
5  feet  thick,  and  the  extent  of  the  coal-field  is  supposed  to  be  but 
100  acres.     The  coal  contains  90  per  cent,  carbon. 
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Alexander  W.  Reed  exhibited  a  specimen  of  altered  lignite  from 
Kowai  Pass,  Province  of  Canterbury,  taken  from  a  bed  3  feet  thick. 

No  idea  of  the  economical  value  of  these  New  Zealand  lignites 
could  be  obtained  from  the  specimens  exhibited. 

A  few  small  specimens  of  lignite  from  Russia  were  also  exhibited. 

In  concluding  this  report  the  author  desires  to  acknowledge  the 
obligations  he  is  under  to  Professor  E.  T.  Cox,  State  Geologist  of 
Indiana,  Messrs.  C.  J.  Norwood,  A.  R.  Crandall,  and  J.  R.  Procter,  of 
the  Kentucky  Geological  Survey,  and  Mr.  William  Gesner,  of  Bir- 
mingham, Alabama,  all  of  whom  have  furnished  him  with  valuable 
information ;  as  also  the  geological  reports  of  many  of  the  States  and 
of  Canada. 

BUILDING  AND  ORNAMENTAL  STONES. 

BY  J.  S.  NEWBERRY. 

The  display  of  building  and  ornamental  stones  in  the  Centennial 
Exhibition  was  exceedingly  rich  and  varied,  probably  far  more  so 
than  is  generally  supposed,  from  the  fact  that  the  exhibits  were  very 
much  scattered. 

The  principal  collections  of  building-stones  were  in  the  mineral 
annexes  to  the  Main  Building  and  in  the  Government  Building ;  but 
very  imposing  arrays  of  materials  used  in  construction  were  shown 
in  the  English,  Japanese,  Swedish,  Portuguese,  and  Spanish  depart- 
ments, and  in  several  of  the  State  buildings.  Among  the  latter  were 
some  that  deserved  special  notice,  viz.,  the  colored  marbles  in  the 
Maryland  Building,  and  the  freestones  in  those  of  West  Virginia,  In- 
diana, and  Ohio.  A  creditable  display  was  also  made  in  the  Kansas 
and  Colorado  Building. 

Of  stones  used  in  construction  alone  there  were  more  than  five 
hundred  exhibits,  and  of  ornamental  stones,  including  gems,  at  least 
as  many  more;  but  the  latter  were  chiefly  included  in  collective 
exhibits,  and  are  not  specifically  mentioned  in  the  catalogues  or 
awards. 

Most  of  the  building-stones  naturally  came  from  our  own  continent, 
of  which  Canada  and  the  Eastern  and  Middle  States  had  the  best 
representation.  This  was  due  chiefly  to  their  proximity  to  the  place 
of  exhibition,  to  the  density  of  population,  the  more  thorough  de- 
velopment of  the  mineral  resources  of  this  region,  and  the  greater 
facilities  for  transportation,  and  not  to  the  larger  endowment  of  the 
eastern  portion  of  the  continent  in  materials  adapted  to  the  construc- 
tion and  ornamentation  of  buildings.     Most  of  the  Western  States 
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and  Territories  abound  in  excellent  building  and  ornamental  stones, 
and  they  are  destined  to  contribute  largely  in  the  future  to  the  mate- 
rials used  by  our  people  in  the  construction  or  embellishment  of 
public  and  private  buildings.  As  an  illustration  of  the  richness  of 
some  portions  of  the  Western  United  States  in  the  class  of  objects 
under  consideration,  I  may  say  that  during  the  exploration  of  the 
Colorado  River,  in  which  I  was  engaged  under  Lieutenant  J.  C.  Ives, 
U.  S.  A.,  I  collected  and  brought  in  something  like  two  hundred  vari- 
eties of  porphyry,  some  of  which  equal  in  beauty  and  excellence  any 
that  have  been  found  in  other  parts  of  the  world.  Granites,  marbles, 
serpentines,  jaspers,  etc.,  are  also  known  to  exist  in  endless  variety  in 
the  Rocky  Mountain  belt,  and  in  the  mountains  of  California  and 
Oregon.  Scarce  any  of  these  were  represented  in  the  Centennial 
Exhibition;  but  we  may  confidently  expect  that  they  will  form  a  con- 
spicuous element  in  the  exhibitions  of  the  future,  which,  following 
the  flow  of  population  and  wealth,  will  be  held  in  the  more  western 
seats  of  civilization. 

Among  the  exhibits  of  building-stones  which  attracted  and  deserved 
special  attention,  was  the  rich  and  varied  display  of  the  Canadian 
Geological  Survey,  which  in  the  variety  and  beauty  of  the  materials, 
and  the  symmetry  and  good  taste  with  which  they  had  been  prepared, 
excelled  all  other  collective  exhibits  in  the  Exhibition.  Aside  from 
this  collection  of  the  Geological  Survey,  the  Canadian  exhibit  included 
a  fine  suite  of  red  granites  in  slabs,  pedestals,  vases,  and  monuments 
from  the  Bay  of  Fundy  and  from  Forsyth's  Island;  also  a  large  num- 
ber of  sandstones  in  dressed  six-inch  cubes  from  different  localities, 
and  larger  dressed  blocks  from  Shepody  Mountain,  Dorchester,  and 
Cornwallis,  and  fine  exhibits  of  slates  from  New  Rockland,  Melbourne, 
Rankin  Hill,  and  Danville,  all  of  which  will  be  more  specifically 
mentioned  farther  on. 

A  very  fine  series  of  granites  was  sent  from  New  England,  in- 
cluding nearly  every  known  variety  of  this  stone,  and  constituting  a 
collection  such  as  has  probably  never  before  been  gathered  together. 
The  chief  localities  from  which  these  granites  were  sent  are  Hallowell, 
Fox  Island,  Jonesboro',  Rockland,  and  Blue  Hills,  Maine;  Barre 
and  St.  Johnsbury,  Vermont ;  Quincy,  Massachusetts ;  Westerly, 
Rhode  Island;  and  Mystic,  Lyme,  Stony  Creek,  etc.,  Connecticut. 

Of  white  marbles,  a  magnificent  display  was  made  from  the  quarries 
in  Rutland  County,  Vermont,  almost  the  only  place  in  the  United 
States  from  which  white  marbles  came  to  the  Exhibition ;  but  here 
they  seem  to  be  found  in  almost  infinite  variety  and  of  excellent 
quality. 
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Colored  marbles  were  furnished  from  Swanton  and  Burlington, 
Vermont,  and  from  Maryland  and  East  Tennessee.  Combining  the 
large  and  varied  exhibit  from  these  localities,  it  was  shown  that  the 
United  States  is  as  well  endowed  with  this  beautiful  series  of  orna- 
mental stones  as  any  other  country  in  the  world,  and  that  when  the 
quarries  in  the  districts  I  have  mentioned  shall  be  properly  opened, 
the  variegated  marbles  hitherto  so  largely  imported  from  Europe  will 
find  formidable  if  not  victorious  rivals  in  our  home  products. 

The  display  of  freestones  in  the  Exhibition  far  surpassed  in  number 
and  variety  that  of  any  other  group  of  building-materials,  and  in- 
cluded both  sandstones  and  limestones,  fitted  to  supply  every  want 
of  the  architect,  and  fully  equal  in  beauty,  strength,  and  durability  to 
any  that  have  been  found  and  used  in  the  Old  World. 

Allusion  has  already  been  made  to  the  sandstones  of  Nova  Scotia ; 
beside  these,  we  had  from  the  Eastern  United  States  a  number  of 
exhibits  of  the  Triassic  sandstones  of  the  Connecticut  Valley,  New 
Jersey,  and  Pennsylvania.  From  the  valley  of  the  Mississippi  came, 
however,  the  greateist  contributions  of  freestones,  since  throughout 
hundreds  of  thousands  of  square  miles  it  is  underlaid  by  sedimentary 
rocks,  in  which  limestones  and  sandstones  occur  in  infinite  variety. 
Ohio,  Kentucky,  and  Indiana  sent  large  and  fine  collections  of  lime- 
stones, varying  in  hardness  and  in  color  from  pure  white  to  dark  gray 
and  blue,  and  including  many  varieties  of  great  beauty  and  of  proved 
excellence.  Limestones  of  peculiar  and  desirable  qualities  also  came 
to  the  Exhibition  from  Indiana,  Kentucky,  Northern  Illinois  (the 
Athens  marble),  from  Canton,  Missouri,  and  from  Central  Kansas. 
The  most  important  exhibits  of  sandstone  were  included  in  those  of 
West  Virginia  and  Ohio,  while  very  different  and  remarkably  good 
varieties  came  from  Marquette,  Michigan,  and  St.  Genevieve, 
Missouri. 

The  American  slates,  of  which  there  were  more  than  twenty 
exhibits,  with  one  exception,  came  from  the  metamorphic  rocks  which 
pass  up  through  the  Eastern  States  into  Canada.  Aside  from  the 
Canadian  slates,  to  which  reference  has  already  been  made,  those  of 
excellent  quality  came  from  Maine,  Southern  Vermont,  Eastern  New 
York,  Eastern  Pennsylvania,  and  Virginia.  The  only  Western  exhibit 
of  slate  was  that  from  the  Huron  Mountains,  on  the  south  shore  of 
Lake  Superior.  From  these  different  localities  slates  of  all  varieties 
of  color  and  consistence  were  obtained. 

The  serpentines  and  verd-antique  marble  sent  to  Philadelphia  by 
American  exhibitors  were  all  derived  from  the  Atlantic  belt  of  meta- 
morphic  rocks,   in  which   the   serpentines   form   a  widely-diffused, 
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though  nowhere  a  preponderating  element.  These  include  all  the 
varieties  of  this  rock,  the  precious  serpentine  of  Newburyport,  the 
verd-antique  marbles  of  Roxbury,  Vermont,  Milford,  Connecticut, 
Broad  Creek,  Maryland,  and  the  massive  and  earthy  serpentine  of 
Hoboken,  Brandywine,  etc. 

Of  porphyries  there  were  no  exhibits  in  the  American  department 
except  the  small  polished  specimens  of  Messrs.  Bouve  &  Lovatt,  of 
Boston.  Among  these  there  was,  however,  quite  a  variety, — some 
closely  resembling  the  brown  and  red  porphyries  of  Sweden  and  Italy, 
and  others  that  were  brighter  and  handsomer  than  these. 

In  the  foreign  exhibit  of  building-materials,  the  gray  and  red  gran- 
ites from  Peterhead  and  Aberdeen,  in  Scotland,  and  the  dark-gray 
granite  of  Bessbrook,  Ireland,  were  most  conspicuous  for  the  magni- 
tude and  variety  of  the  objects  made  from  them,  and  the  excellent 
quality  of  the  stone  and  workmanship. 

A  large  and  interesting  collective  exhibit  of  the  building-stones  of 
Sweden  was  made  by  the  Geological  Survey  of  that  country.  This 
consisted  of  176  specimens  in  six-inch  cubes,  handsomely  polished, 
and  formed  by  far  the  most  complete  and  attractive  series  of  building- 
materials  shown  by  any  foreign  nation.  Most  of  the  specimens  were 
of  the  crystalline  rocks  which  compose  the  great  mass  of  the  Scandi- 
navian Peninsula,  and  though  of  great  interest  geologically,  have  little 
claim  to  beauty  as  building-materials.  To  this  rule,  however,  there 
were  marked  exceptions,  in  the  porphyry  of  Elfdalen,  the  granites  of 
Uddevalla,  the  gabro  serpentine,  metamorphic  conglomerate,  etc., 
which,  however,  were  much  more  fully  represented  in  the  exhibits  of 
private  manufacturers,  to  be  presently  noticed.  In  the  series  of  build- 
ing and  ornamental  stones  shown  in  the  Swedish  department,  the 
conglomerate,  referred  to  above,  appeared  in  several  forms.  This 
rock  is  peculiar  in  appearance,  and  of  special  geological  interest.  It 
is  a  metamorphic  conglomerate,  in  which  the  sand  is  converted  into 
whitish  quartzite,  and  the  imbedded  pebbles  are  largely  composed  of 
blood- red  jasper.  It  takes  a  high  polish,  and  from  the  contrast  of 
colors  it  presents  is  quite  handsome.  It  is  further  interesting  from 
the  fact  that  it  is  almost  undistinguishable  from  a  rock  found  in  the 
Huronian  of  Canada,  fragments  of  which  have  been  scattered  by  drift 
agencies  over  the  Northwestern  States.  The  Swedish  exhibit  also 
contained  a  series  of  polished  table-tops  of  fossiliferous  limestone  from 
Gotland,  exhibited  by  J.  W.  Klintberg,  of  Wisby.  The  same  material 
was  also  wrought  into  a  great  number  of  ornaments,  such  as  brooches, 
cuff-buttons,  bracelets,  paper-weights,  etc.  The  porphyry  and  con- 
glomerate, which  have  been  referred  to,  were  also  wrought  into  a 
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great  variety  of  ornamental  objects,  many  of  which  were  very  hand- 
some, but  were  more  indebted  for  their  attractiveness  to  the  skill  with 
which  they  were  worked  than  to  any  inherent  beauty  of  the  material 
employed. 

The  marbles  sent  from  Europe  included  representatives  of  nearly 
all  the  famous  varieties  used  in  ancient  art  or  architecture,  or  known 
in  modern  commerce.  From  Belgium  came  the  beautiful  black,  white, 
red,  and  mottled  marbles  which,  wrought  into  mantels  with  artistic 
workmanship,  excited  the  admiration  of  all  visitors  to  the  Belgian 
department  France  sent  no  representation  of  the  beautiful  building- 
stones  that  are  found  within  her  territory;  but  some  of  the  American 
workers  in  marble,  as  Fauchere  &  Co.,  of  New  York,  exhibited  very 
fine  specimens  of  the  most  esteemed  French  marbles, — ^the  Griotte, 
Campan,  Sarrancolin,  etc. 

In  the  Portuguese  department  was  a  very  extensive  and  interesting 
exhibit  of  building-materials,  prepared  with  great  care  by  the  provin- 
cial officers  in  the  different  districts.  Also  a  fine  series  of  the  colored 
marbles  from  Oporto,  Cintra,  and  Lisbon,  including  all  the  varieties 
which  form  the  basis  of  the  large  export  trade  of  this  country  in 
marble. 

Spain  contributed  a  full  representation  of  her  great  and  varied 
mineral  wealth,  which  included  a  series  of  cut  and  polished  marbles, 
serpentine,  etc. 

From  Italy  came  a  respectable  collection  of  building  and  orna- 
mental stones,  but  much  less  extensive  than  might  have  been  ex- 
pected from  the  country  which  has  so  long  been  the  home  and  school 
of  architecture,  sculpture,  and  the  decorative  arts.  Of  wrought  marble 
there  was  no  lack  in  the  Italian  department,  and  the  quarries  of 
Carrara  furnished  the  material  of  most  of  the  sculpture  shown  in  the 
Exhibition;  but  no  other  exhibit  of  the  famous  Italian  statuary  marble 
was  made,  while  the  colored  marbles,  alabaster,  and  other  ornamental 
stones  were  scarcely  to  be  seen  except  in  the  material  of  manufac- 
tured articles.  To  this  general  rule  there  were,  however,  some  striking 
exceptions,  such  as  the  beautiful  collection  of  marbles,  alabaster,  etc., 
sent  by  the  Chamber  of  Commerce  and  Arts  in  Sienna,  and  the  series 
of  one  hundred  pieces  of  ancient  marbles  gathered  from  the  excava- 
tions at  Rome. 

Greece  sent  no  building  or  ornamental  stones  to  the  Exhibition, 
and  her  famous  Parian  and  Pentelic  marbles  w^re  only  to  be  seen  in 
some  antique  sculptures  and  the  patchwork  of  modern  mosaic. 

Of  the  Eastern  nations,  Japan  alone  made  any  effort  to  exhibit  the 
materials  used  in  construction.     In  the  wonderfully  comprehensive 
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and  admirable  exhibit  of  this  country,  however,  there  was  included  a 
series  of  nearly  one  hundred  slabs  of  building-stone,  carefully  dressed 
and  polished.  These  represented  a  considerable  variety  of  rocks, 
though  few  had  any  claim  to  beauty ;  yet  the  collection  was  of  great 
interest  as  indicative  of  the  geological  structure  of  the  country,  and 
as  showing  the  thoroughness  and  intelligence  of  the  Japanese  in 
their  investigation  into  the  useful  qualities  of  such  materials  as  they 
possess. 

The  Australian  exhibit  in  all  things  gave  proof  of  the  enterprise, 
energy,  and  practical  faculty  of  the  English  race  who  have  taken  pos- 
session of  that  continent.  All  the  mineral  resources  of  the  country 
seem  to  have  received  attention,  and  many  of  them  have  been  so  far 
developed  as  to  form  the  bases  of  flourishing  industries  and  active 
commerce.  Numerous  specimens  of  building-stones,  slates,  etc.,  came 
from  the  different  Australian  provinces,  but  these  were  mostly  of  the 
useful  rather  than  of  the  ornamental  kind.  Excellent  granite  and 
sandstones  seem  to  be  abundant,  and  beautiful  malachite  and  opals 
were  shown  in  the  Queensland  exhibit;  but  no  fine  marbles,  porphy- 
ries, serpentines,  or  other  ornamental  stones  were  shown,  leaving  it  to 
be  inferred  that  they  are  less  abundant  in  this  than  in  most  other 
great  divisions  of  the  earth's  surface. 

The  building  and  ornamental  stones  of  the  continent  of  Africa  had 
no  other  representation  in  the  Exhibition  than  that  afforded  by  a 
small  collection  of  colored  marbles,  mostly  mottled  red,  shown  by 
VV.  Struthers  &  Sons,  of  Philadelphia. 

South  America  was  but  little  better  represented  than  Africa.  A 
few  specimens  of  marble  and  slate  from  Brazil,  unattractive  in  colors, 
and  imperfectly  wrought,  and  a  small  collection  of  building-stones 
from  the  Argentine  Republic,  containing  nothing  specially  worthy  of 
note,  were  all  the  mineral  material  used  in  construction  furnished  by 
this  great  continent.  Of  gems,  ores,  and  crystallized  minerals  a  very 
different  story  can  be  told,  and  it  is  evident  that  they  monopolized 
the  attention  of  those  who  were  interested  in  gathering  specimens  of 
the  mineral  resources  of  South  America.  The  diamonds,  topazes, 
emeralds,  and  tourmalines  of  Brazil  deserve  a  special  mention,  which 
they  will  have  in  another  place. 

From  Mexico  came,  perhaps,  the  most  beautiful  ornamental  stone 
shown  in  the  Exhibition, — the  so-called  Mexican  onyx  (stalagmitic 
aragonite),  from  Tecalli,  State  of  Puebla.  From  San  Luis  Potosi  and 
Guanaxuato  were  sent  several  varieties  of  marble  and  sandstone,  but 
none  that  require  special  notice. 

This  already  somewhat  long  catalogue  of  foreign  exhibits  may  ap- 
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propriately  be  closed  by  a  brief  reference  to  the  building-stones  sent 
from  the  islands  of  New  Zealand,  Bermuda,  and  the  Canaries. 

The  New  Zealand  collection  was  naturally  the  largest  of  these,  and 
included  blocks  of  white  and  yellow  limestone  from  Christchurch, 
and  marble  from  Ruatanuka  and  Collingwood,  all  of  which  were  good 
and  serviceable  building-stones,  but  were  without  any  special  beauty 
or  excellence  that  requires  further  notice. 

From  the  Bermudas  were  sent  the  peculiar  white,  porous  limestone 
which  constitutes  almost  the  only  rock  known  on  the  islands,  and 
the  almost  universally  used  building  material.  Though  surpassed  in 
beauty  and  strength  by  most  of  the  building-stones  exhibited,  this 
material  is  of  incalculable  value  to  the  inhabitants  of  the  Bermudas, 
since  it  can  be  sawed  or  otherwise  wrought  almost  with  the  facility  of 
wood.  It  is  clean  and  white  in  color,  and  is  hence  admirably  adapted 
to  the  construction  of  the  sort  of  houses  used  in  that  subtropical 
climate. 

From  the  Canaries  was  sent  an  interesting  series  of  building-stones, 
all  of  igneous  origin,  the  only  rocks  known  in  this  volcanic  group. 
The  specimens  were  sent  by  E.  Angel  Gomez,  and  formed  part  of  the 
Spanish  exhibit. 

The  different  classes  of  building  and  ornamental  stones  shown  in 
the  Exhibition  will  now  be  more  definitely  described  under  separate 
heads. 

/.  GRANITES. 

In  its  popular  acceptation,  the  term  granite  includes  several  varieties 
of  rocks  which  lithologists  distinguish  by  different  names,  viz.  : 

1.  Typical  granite,  which  consists  of  quartz,  feldspar,  mica,  and 
hornblende. 

2.  Syenite,  which  contains  no  mica,  and  hence  is  the  strongest  and 
most  durable  variety  of  granite. 

3.  Gneiss,  which  is  a  stratified  or  bedded  granite. 

It  should  be  said,  however,  that  all  these  varieties  shade  into  one 
another,  and  in  the  following  notes  all  are  included,  except  in  certain 
specified  cases,  under  the  general  term  which,  in  commerce  and  archi- 
tecture, is  used  to  cover  all  the  granitoid  rocks. 

Among  all  civilized  nations  granite  has  been  extensively  used  for 
structural,  monumental,  or  decorative  purposes,  chiefly  from  the  pos- 
sibility of  quarrying  blocks  of  it  of  any  desired  size,  and  from  its 
great  strength  and  durability.  From  the  difficulty  with  which  it  is 
wrought  into  ornamental  designs,  its  use  has  been  restricted  to  struc- 
tures of  a  more  plain  and  massive  character;  yet,  by  the  ancient 

Egyptians,  it  was  not  only  very  largely  used  for  temples,  pyramids, 
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and  obelisks,  which,  in  their  number  and  magnitude,  constitute  the 
grandest  monuments  of  architectural  art,  but  the  polished  surfaces  of 
these  structures  were  literally  covered  with  deeply-  and  accurately- 
engraved  hieroglyphics,  sufficient  in  number  to  form  an  almost  com- 
plete historical  record  of  this  long-lived  and  wonderful  nation. 
Among  the  people  of  more  modern  times  labor  has  become  too  valu- 
able a  commodity  to  be  expended  in  carving  this  obdurate  material, 
and  most  of  the  structures  of  the  Greeks  and  Romans,  and  the 
nations  of  modern  Europe,  have  been  built  of  some  more  easily- 
wrought  and  generally  less  sombre  stone. 

By  the  substitution  of  machine  for  hand  labor,  and  by  improved 
methods  of  cutting  and  polishing,  granite  has  now  come  into  more 
general  use,  and  while  the  progress  of  democracy  has  dethroned  the 
despots  of  the  world,  and  has  made  it  impossible  that  monuments 
like  those  of  Egypt  should  ever  again  be  erected,  a  more  intelligent 
appreciation  of  the  adaptation  of  granite  to  architectural  and  engi- 
neering work  has  caused  it  to  be  phosen  for  the  most  massive  and 
permanent  structures.  The  craving  for  immortality,  common  to  all 
men,  has  also  led  to  the  erection  of  a  thousand  granite  monuments  to 
mark  the  resting-places  of  private  individuals,  instead  of  the  single 
greater  one  raised  by  some  ancient  autocrat  to  perpetuate  his  fame, 
while  the  common  people  lived  and  died  like  the  beasts  that  perish. 

Granite  is  now  used  for  several  and  quite  different  purposes.  By 
far  the  larger  part  is  employed  for  heavy  and  coarse  masonry,  docks, 
bridges,  and  foundations,  while  in  many  instances  the  superstructure 
of  public  buildings,  and  of  the  palaces  that  commerce  erects,  is  com- 
posed of  this  material.  The  qualities  of  granite  which  fit  it  for  such 
purposes — its  strength  and  durability — are  so  marked  as  to  give  it 
superiority  over  every  other  stone  in  use.  Good  granite  will  bear  a 
crushing  force  of  from  fifteen  to  twenty-five  thousand  pounds  to  the 
square  inch,  and  the  better  varieties  are  among  the  most  enduring 
of  all  rocks.  In  this  respect,  however,  granites  differ  much  among 
themselves.  The  constituents  of  granite  are  quartz,  feldspar,  horn- 
blende, and  mica,  minerals  of  which  the  chemical  composition  and 
physical  characters  are  very  unlike.  Mica  is  soft  and  fissile,  and 
hence  is  an  element  of  weakness.  Where  it  exists  in  any  consider- 
able quantity  the  stone  is  easily  crushed  and  unfit  for  use.  The  feld- 
spars of  granite  are  usually  orthoclase  (potash  feldspar)  or  albite  (soda 
feldspar),  and  of  these  the  former  is  the  most  durable  ;  but  even  this 
sometimes  decomposes  by  the  removal  of  its  alkali,  falling  into  a 
powder  (kaolin);  and  it  is  not  uncommon  to  find  granite  deeply  disin- 
tegrated over  wide  areas  by  this  sort  of  decay,  which  Dolomieu  calls 


GENERAL   REPORT  OF  THE   JUDGES  OF  GROUP  I.  nj 

la  nialadie  du  granite.  The  strongest  and  most  durable  element  in 
granite  is  quartz,  and,  as  a  general  rule,  the  resistance  which  the  stone 
offers  to  violence  and  time  will  be  measured  by  the  proportion  of 
quartz  to  the  other  elements.  The  hornblende  of  granite  is  a  tough 
and  durable  mineral.  When  present  in  large  quantity  it  gives  weight 
and  tenacity  to  the  stone. 

The  chemical  composition  of  an  average  granite  is  about  as  follows : 


Silica 70.00 

Alumina 14.00 

Lime 2.00 

Magnesia i.oo 


Iron  oxide 4.00 

Potash 6.0D 

Soda       .         .         .         .         .         .  2.00 

Water i.op 


This  is,  however,  but  an  imperfect  guide  in  judging  of  the  strength 
of  the  stone,  the  feldspar  being  a  somewhat  uncertain  and  treacherous 
element.  The  best  evidence  on  the  question  of  the  quality  of  granite 
is  afforded  by  its  resistance  to  crushing  force,  which  should  be  fifteen 
thousand  pounds  or  more  to  the  square  inch,  and  its  porosity,  or  power 
of  absorbing  water.  An  average  granite  contains  or  will  hold  about 
one  per  cent,  of  water,  and  if  its  absorbent  power  is  much  greater 
than  this,  it  shows  that  it  is  liable  to  be  affected  by  the  action  of  frost. 
If  practicable,  the  natural  outcrops  of  granite  should  be  examined 
with  a  view  to  determine  its  durability.  Where  the  rock  which  has 
been  exposed  for  ages  is  found  to  be  sound  and  strong  at  the  surface, 
this  affords  conclusive  proof  of  its  durability. 

The  prevailing  color  of  granite  is  gray,  which  darkens  by  exposure, 
— chiefly  from  smoke  and  dust,  which  lodge  in  the  irregularities  of 
the  surface, — and  hence  it  is  apt  to  become  dull  and  sombre.  For 
this  reason,  and  to  lighten  up  the  massive  style  of  architecture  almost 
necessary  from  the  toughness  of  the  material,  the  lighter-colored 
granites  are  to  be  preferred.  For  sepulchral  monuments,  for  which 
granite  is  now  much  used,  a  red  granite  like  those  of  Peterhead, 
Scotland,  and  the  Bay  of  Fundy,  is  often  preferred  on  account  of  its 
color.  When  gray  granites  are  used,  the  choice  lies  between  a  light 
stone,  which  when  hammer-dressed  is  almost  as  white  as  marble,  or 
one  of  darker  gray,  in  which  the  polished  surface,  of  much  deeper 
tint,  contrasts  strongly  with  the  engraved  and  hammered  portions, 
thus  bringing  out  distinctly  inscriptions  and  ornamentation. 

In  the  construction  of  buildings  erected  by  the  Government  in  the 
United  States,  a  decided  preference  has  of  late  years  been  given  to 
granite ;  and  in  obedience  to  this  taste,  granite  has  sometimes  been 
transported  many  hundreds  of  miles  to  localities  where  building- 
stones  sufficiently  durable,  much  handsomer,  and  very  much  cheaper 
could  have  been  obtained. 
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In  contrast  with  the  many  excellences  which  granite  possesses,  it 
has  one  fault  which  should  not  be  lost  sight  of,  and  that  is,  the  readi- 
ness with  which  it  is  destroyed  by  fire.  From  the  close  texture  of 
the  stone  it  expands  unequally  when  heated  on  the  surface,  and  ex- 
foliates, sometimes,  with  explosion.  In  this  respect  it  is  inferior  to 
brick,  sandstone,  or  even  marble. 

The  granites  exhibited  at  Philadelphia  were  for  the  most  part 
those  of  established  reputation,  and  such  as  had  been  demonstrated 
by  use  to  be  both  strong  and  durable.  It  was  not,  therefore,  neces- 
sary to  go  into  any  careful  examination  of  these  qualities.  The 
diversities  which  they  presented  were  chiefly  such  as  pertain  to  color 
and  fineness  of  grain.  In  these  respects  they  differ  less  than  many 
other  kinds  of  building-stone,  and  yet  sufficiently  to  afford  some 
room  for  the  exercise  of  taste  in  their  choice,  and  to  determine  their 
adaptation  to  the  different  purposes  for  which  granite  is  used. 

In  color,  the  granites  exhibited  were  referable  to  three  groups, 
namely,  the  red,  the  light  gray,  and  the  dark  gray,  typified  by  the 
Bay  of  Fundy,  red,  the  Thomaston,  light,  and  the  Quincy,  dark. 

The  number  of  granites  which  would  be  classed  as  gray  in  color 
— that  is,  having  a  fine  or  coarse  mottling  of  black  and  white,  or  a 
blending  of  black  hornblende  with  gray,  blue,  or  greenish  feldspar — 
was  very  large ;  so  large  that  only  a  few  can  be  noticed  here. 

Most  of  the  granitoid  rocks  (granites,  gneisses,  and  syenites;  of 
Canada,  New  England,  and  the  Alleghany  belt  are  grayish  in  color ; 
and  almost  every  county  underlaid  by  metamorphic  rocks  on  the 
Atlantic  coast  can  furnish  several  varieties  of  what  would  be,  in 
popular  language,  called  gray  granite. 

In  the  Rocky  Mountain  belt,  red  granites  are  much  more  abundant, 
and  in  places  form  the  prevalent  rocks  over  hundreds  of  square  miles. 

In  the  Sierra  Nevada  again,  light-colored  granites  prevail,  almost 
to  the  exclusion  of  red.  This  difference  is  occasioned  by  variations 
in  the  quantity  of  iron  contained  in  the  feldspar, — which  constitutes 
the  most  abundant  ingredient  in  all  these  rocks, — and  in  the  relative 
proportions  of  albite  and  orthoclase. 

In  the  notes  which  follow,  the  principal  exhibits  of  granite  in  the 
Centennial  Exhibition  are  briefly  described  in  order ;  first,  those  of 
the  United  States,  and  afterwards  those  sent  from  foreign  countries. 

MAINE  GRANITES. 

As  the  quarries  of  Maine  have  hitherto  been  the  chief  source  of 
the  supply  of  granite  to  the  principal  cities  of  the  United  States,  and 
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this  is  practically,  though  not  nominally,  the  granite  State,  the  granites 
of  Maine  may  properly  first  engage  our  attention. 

Not  all  of  the  well-known  granites  of  this  State  were  represented 
in  the  Exhibition,  but  the  following  list  will  be  found  to  contain  most 
of  those  that  have  up  to  the  present  time  been  produced  in  any  con- 
siderable quantity,  either  for  home  consumption  or  exportation : 

1 .  Calais  Red  Granite,  exhibited  by  The  Maine  Red  Granite  Company, 

In  the  Main  Building  were  shown  a  block  and  column  of  the  Calais 
red  granite,  a  stone  already  well  known  in  the  markets  of  the  Eastern 
States.  It  is  composed  of  pale-red  orthoclase,  with  a  smaller  quantity 
of  a  lighter  feldspar,  possibly  albite,  with  quartz,  hornblende,  and  a 
little  mica.  It  takes  a  fine  polish,  is  homogeneous  in  texture  and 
color,  and  well  deserves  the  good  reputation  it  enjoys. 

2.  Red  Granite,  Red  Beach,  exhibited  by  Tlie  Hinsdale-Doyle  Gra?iite 

Company. 

This  is  a  fine-grained  granite,  of  which  the  general  complexion  is 
reddish,  but  less  positively  so  than  that  of  most  so-called  red  granites. 
It  is  composed  of  pale-red  and  creamy-white  feldspar,  with  smaller 
masses  of  smoky  quartz,  fine  grains  of  black  hornblende,  and  specks  of 
black  mica.     It  takes  a  good  polish,  and  is  undoubtedly  a  strong  and 
durable  stone.     In  quality  it  will  take  equal  rank  with  the  Jonesboro' 
and  Calais  red  granites,  from  which  it  differs  chiefly  in  its  greater  fine- 
ness of  mottling.     It  comes  from  the  same  deposit  but  not  from  the 
same  quarries  as  the  last. 

3.  East  Blue   Hills  Granite,  exhibited  by  T/ie  Collins  Granite 

Company. 

This  is  a  light-gray,  coarse-grained  stone,  handsomely  mottled  and 
highly  polished. 

4.  Blue  Hills  Granite,  exhibited  by  M,  K.  Chase. 

A  pedestal  was  exhibited  wrought  from  this  stone,  which  is  of 
light-gray  color  and  good  texture. 

5.  Morgan's  Bay  Granite,  East  Blue  Hills,  exhibited  by  The  Mor^ 

gan's  Bay  Granite  Company. 

The  stone  from  these  quarries  is  a  compact,  homogeneous,  light- 
gray  granite,  composed  of  relatively  large  crystals  of  white  orthoclase, 
with  fine  grains  of  glassy  quartz  and  specks  of  black  mica.  In  color 
it  is  one  of  the  lightest  of  New  England  granites,  and  from  the  pre- 


Il8  INTERNATIONAL  EXHIBITION,  1876. 

ponderance  of  feldspar,  the  absence  of  hornblende,  and  the  granular 
condition  of  the  quartz,  it  will  work  with  unusual  facility,  and  will 
prove  a  handsome  and  durable  stone.  From  some  experiments  made 
upon  it  at  the  School  of  Mines,  it  was  found  to  bear  a  crushing  force 
of  17,200  pounds  to  the  square  inch.  Its  weight  is  166.5  pounds  to 
the  cubic  foot,  and  its  porosity  is  .233  per  cent,  of  its  weight, — that  is, 
when  dry,  it  absorbs  less  than  half  a  pint  of  water  to  the  cubic  foot. 

6.  Harbor  Granite,  Fox  Island,  exhibited  by  The  New  England 

Granite  Company, 

This  is  a  coarse-grained,  handsome,  mottled  granite,  composed  of 
very  pale-pink  and  white  feldspar,  mingled  with  relatively  fine  grains 
of  quartz  and  hornblende.  Its  general  tone  of  color  is  reddish-gray 
blotched  with  white,  and  quite  pleasing  to  the  eye.  It  takes  a  good 
polish. 

7.  Hallowell  Granite,  exhibited  by  The  Hallowell  Granite  Company, 

The  granite  from  the  Hallowell  quarries  has  been  long  and  favor- 
ably known.  It  is  a  very  light,  fine-grained  stone,  consisting  chiefly 
of  white  orthoclase  feldspar,  with  relatively  fine  grains  of  glassy  quartz, 
specks  of  black  hornblende,  and  minute  scales  of  silvery  mica.  This 
latter  gives  the  stone  a  peculiar  glitter,  and  adds  greatly  to  its  beauty 
without  seriously  affecting  its  strength.  Dressed  surfaces  are  almost 
as  white  as  white  marble,  and  where  polished,  the  spangles  of  mica 
buried  beneath  the  surface  reflect  the  light  and  sparkle  like  diamonds. 
From  the  small  quantity  of  quartz  and  the  presence  of  mica,  the  Hal- 
lowell granite  works  with  unusual  facility,  both  in  the  quarry  and 
under  the  chisel,  yet  it  takes  a  good  polish,  and  is  as  strong,  and  will 
prove  as  durable,  as  most  of  the  esteemed  varieties  of  this  stone.  It 
is  said  that  blocks  of  sound  granite  have  been  taken  from  the  Hal- 
lowell quarries  weighing  more  than  one  hundred  tons  each.  These 
quarries  are  situated  in  a  ridge  running  northeast  and  southwest,  rising 
about  four  hundred  feet  above  the  Kennebec  River.  The  rock  is  really 
a  gneiss,  but  its  stratification  is  not  visible  in  the  blocks  quarried  for 
market. 

8.  Hurricane  Island  Granite,  exhibited  by  Davis  Tilson, 

The  exhibit  of  this  stone  was  small,  consisting  of  wrought  and 
polished  gray  granite  of  good  quality. 

9.  Spruce  Head  Granite,  exhibited  by  The  Hinsdale-Doyle  Granite 

Company, 

This  stone  comes  from  the  Spruce  Head  quarries,  near  Rockland. 
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It  is  a  clean,  mottled,  white  and  black  syenite,  which  consists  of  nearly 
equal  parts  of  snow-white  orthoclase,  glassy  quartz,  and  black  horn- 
blende. The  constituents  are  firmly  united,  making  it  a  strong  and 
durable  stone,  which  takes  a  brilliant  polish.  The  quantity  of  horn- 
blende in  it,  and  the  striking  contrast  in  color  between  this  and  the 
feldspar,  give  it  a  peculiar  bright,  lively  tint,  which  renders  it  one  of 
the  handsomest  of  the  gray  granites  shown  in  the  Exhibition. 

lo.  East  Boston  Granite,  Fox  Island,  exhibited  by  The  Hinsdale- 

Doyle  Granite  Company. 

This  is  a  very  fine-grained  stone,  having  the  general  complexion 
of  the  Westerly  granite,  but  differing  from  that  by  showing  a  faint 
pinkish  blush  in  its  feldspar.  In  this  respect  it  resembles  the  Harbor 
granite  of  Fox  Island,  of  which  it  is  indeed  only  a  fine-grained  variety. 

Excellent  gray  granites  are  quarried  on  Clark's  Island,  Dix  Island, 
and  Mount  Desert,  but  they  were  not  represented  in  the  Exhibition. 
Very  fine  displays  of  the  Maine  granites  wrought  into  monuments 
were  made  by  the  New  England  Granite  Company,  the  Hinsdale- 
Doyle  Granite  Company,  the  Maine  Red  Granite  Company,  etc. 

NEW  HAMPSHIRE  GRANITE. 

From  the  "  Granite  State" — New  Hampshire — no  specimens  of 
granite  came  to  the  Centennial  Exhibition,  though  excellent  varieties, 
and  these  of  very  varied  color  and  consistence,  are  known  to  exist  in 
different  localities  in  the  State. 

VERMONT  granites. 

Three  exhibits  of  granite  were  made  from  Vermont,  namely,  a 
monument  and  tablet  by  the  St.  Johnsbury  Granite  Company,  and 
cubes  of  granite  by  J.  E.  Parker,  of  Barre,  and  E.  Kitteridge,  of 
Bethel. 

Of  these,  the  St.  Johnsbury  granite,  being  all  wrought,  was  exam- 
ined by  the  Judges  of  another  group.  It  is  a  gray  stone,  of  excellent 
quality  and  established  reputation. 

The  specimen  of  Bethel  granite  shown  was  nearly  white, — lighter, 
indeed,  than  any  other  granite  in  the  Exhibition.  It  seemed  to  be  of 
a  homogeneous  texture,  but  was  not  highly  polished.  It  must  be  an 
admirable  stone  for  special  uses,  but  it  is  possibly  less  durable  than 
some  of  the  more  silicious  and  compact  varieties. 

The  Barre  granite  enjoys  a  high  reputation  in  the  State,  and  has 
been  used  for  the  two  public  buildings  at  Middlebury.     It  was  inade- 
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quately  represented  by  the  exhibits  made  at  Philadelphia,  but  has 
been  proved  by  ample  trial  to  be  an  excellent  stone  for  architectural 
and  monumental  purposes.  It  is  light  gray  in  color,  of  medium 
fineness,  very  homogeneous  and  firm. 

MASSACHUSETTS  GRANITES. 

From  Massachusetts  were  sent  a  large  number  of  exhibits  of  gran- 
ite, but  these  were  mostly  wrought,  and  were  intended  rather  to 
display  workmanship  than  the  quality  of  the  material.  These  ex- 
hibits were  made  by  Alexander  Macdonald,  and  Scorgie,  Wright,  & 
Co.,  of  Cambridge ;  the  former  showing  a  carved  marble  tree-trunk^ 
with  ferns  wrought  with  much  care  and  skill ;  the  latter  a  finely- 
wrought  granite  fountain,  which  demonstrated  the  tenacity  and  ho- 
mogeneousness  of  the  material,  and  the  possibility  of  its  employment 
for  the  most  elaborate  ornamentation. 

The  most  varied  and  satisfactory  display  of  Massachusetts  granites 
was  made,  however,  in  the  collective  exhibit  of  the  Smithsonian  Insti- 
tution, and  the  wrought-granite  work  of  the  New  England  Granite 
Company.  These  included  the  gray  granite  from  Cape  Ann,  and 
three  varieties  of  the  Quincy  granite,  all  of  which  possess  much 
beauty  and  excellence.  The  Quincy  granite  is  so  well  known  that  a 
detailed  description  of  it  would  be  superfluous.  In  lithological  char- 
acter it  is  a  typical  syenite,  consisting  of  quartz,  feldspar,  and  horn- 
blende, without  mica.  The  color  varies  considerably,  and  affords 
opportunity  for  the  exercise  of  taste  in  combination  and  adaptation  to 
different  purposes.  This  variation  of  color  is  due  to  differences  in  the 
feldspar  of  the  different  beds.  In  one  it  is  pale  green,  in  another  pur- 
plish-blue, and  in  the  third  pale  pink.  The  black  hornblende,  which 
exists  in  considerable  quantity,  is  the  same  in  all,  as  is  also  the  glassy 
quartz.  The  stone  is  susceptible  of  a  high  polish,  and  its  strength 
and  durability  are  amply  attested  by  the  trials  to  which  it  has  been 
subjected.  As  a  whole,  the  Quincy  granite  is  rather  sombre  in  tone, 
and  on  this  account  is  for  many  purposes  less  desirable  than  the  lighter 
varieties.  Handsome  pedestals  of  Quincy  granite  were  shown  by 
Wm.  H.  Mitchell,  The  Concord  Granite  Company,  and  Henry  Barker 
&  Sons,  all  of  Quincy,  Massachusetts 

CONNECTICUT  GRANITES. 

The  granites  of  Connecticut  were  represented  by  a  large  number 
of  specimens  in  the  Exhibition,  though  most  of  the  exhibits  were 
small.    These  will  be  briefly  noticed  in  succession. 
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1.  Thomaston  Granite,  exhibited  by  The  Plymouth  Granite  Company, 

Two  cubes  of  this  granite  were  shown  in  the  Smithsonian  collection. 
It  is  the  lightest  in  color  of  all  the  granites  exhibited  at  Philadelphia, 
is  fine-grained,  compact,  and  homogeneous,  and  is  a  remarkably  beau- 
tiful and  excellent  stone,  specially  adapted  to  monumental  work,  for 
which  it  is  largely  used  and  highly  esteemed. 

2.  Millstone  Point  Granite,  exhibited  by  y.  B,  Palmer  &  Co,  and 

Warren  Gates'  Sons, 

Cubes  of  dark-gray  granite,  of  fine  homogeneous  texture,  showing 
strong  contrast  of  color  between  polished  and  dressed  surfaces,  sent 
from  Millstone  Point,  were  shown  in  the  Government  Building. 

3.  Leet's  Island  Granite,  exhibited  by  Seattle  &  Dresser, 

Of  this  granite  two  cubes  and  one  column  were  shown.  It  is  a 
reddish-gray,  rather  coarse-grained  gneiss;  a  handsome  building- 
stone,  but  taking  an  imperfect  polish,  and  is  not  well  adapted  to 
ornamental  purposes. 

4.  Stony  Creek  Granite,  exhibited  by  /^   W.  Redpath  and  Green 

&  Son. 

The  granite  from  the  quarries  of  Mr.  Redpath  is  pale-red  in  color, 
of  medium  grain,  and  consists  of  flesh-colored  orthoclase,  greenish- 
white  oligoclase,  and  glassy  quartz,  with  specks  of  black  hornblende 
and  magnetic  iron.  Minute  points  of  pyrites  may  also  be  sometimes 
seen  in  it.  It  is  a  strong,  compact,  and  handsome  stone,  having  an 
agreeable  tint,  taking  a  high  polish,  and  has  been  proved  by  trial  to 
be  well  adapted  for  both  construction  and  ornament.  Though  but 
recently  introduced  into  market,  it  has  become  quite  popular,  and  is 
the  material  selected  for  the  monolith  columns  of  the  new  capitol  at 
Albany,  New  York,  the  shafts  of  which  are  four  feet  in  diameter  at 
base,  twenty-one  feet  high,  weigh  twenty-five  tons,  and  cost  ten 
thousand  dollars  each. 

The  granite  from  the  quarries  of  Green  &  Son  is  a  gray  fine-grained 
stone  of  good  quality. 

5.  Mystic   Bridge   Granite,  exhibited  by  The  Mystic   Granite 

Company. 

Two  blocks,  one  light,  the  other  dark,  of  this  very  fine-grained  gray 
granite  were  exhibited ;  both  homogeneous  in  texture,  and  handsome. 
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6.  Umpewang  Granite,  Norwalk,  exhibited  by  Price^  Bates,  &  Co, 

This  is  a  rather  fine-grained,  pinkish-gray  granite,  homogeneous 
and  compact ;  a  good  building-stone. 

7.  Lyme  Red  Granite,  exhibited  by  Prof.  E,  E.  Salisbury. 

This  3tone  comes  from  the  quarries  of  Judge  McCurdy,  at  Lyme. 
The  specimens  exhibited  were  from  near  the  surface,  and  somewhat 
weathered,  hence  may  not  represent  its  normal  texture.  It  is  a  very 
coarse-grained  syenite,  composed  mostly  of  pale-red  or  flesh- colored 
feldspar,  mottled  with  a  whiter  variety,  and  glassy  quartz ;  it  is  also 
specked  and  streaked  with  hornblende.  From  the  preponderance  of 
coarsely  crystallized  pale-red  orthoclase  in  its  composition,  it  has  a 
more  uniform  tint  than  any  other  red  granite  shown  in  the  Exhibi- 
tion, and  on  this  account,  should  it  prove  sound  and  strong,  it  will 
be  a  valuable  addition  to  the  varieties  now  in  use  for  architectural 
and  ornamental  purposes. 

RHODE  ISLAND  GRANITE. 

The  only  granite  from  Rhode  Island  was  that  from  the  famous 
quarries  at  Westerly,  exhibited  by  the  New  England  Granite  Com- 
pany. This  is  a  remarkably  fine- grained  homogeneous  stone,  chiefly 
composed  of  pale-pinkish  or  brownish-white  orthoclase  and  thickly 
set  with  minute  grains  of  black  hornblende,  and  occasional  specks  of 
black  mica.  It  takes  a  fine  polish,  and  is  justly  esteemed  as  one  of  the 
best  granites  in  the  country.  The  typical  character  of  the  Westerly 
granite  was  shown  in  a  polished  slab,  four  by  eight  feet  surface,  and 
three  inches  thick.  Three  cubes  were  shown  by  the  same  exhibitors, 
of  which  one  was  of  a  decidedly  pinkish  color,  the  others  fine-  and 
coarse-grained  gray  granite,  all  of  good  quality. 

NEW  YORK  GRANITE. 

From  the  State  of  New  York  but  a  single  specimen  of  granite 
reached  the  Exhibition.  This  was  a  red  granite  from  St.  Lawrence 
County,  contained  in  the  collective  exhibit — chiefly  Maine  and  Quincy 
granites — of  Struthers  &  Son,  Philadelphia.  These  specimens  showed 
a  defective  polish,  apparently  indicative  of  an  imperfectly  homogeneous 
texture. 

MARYLAND  GRANITES. 

A  handsome  display  of  granites  from  riiis  State  was  made  by  M. 
Gault  &  Son,  Baltimore.  This  consisted  of,  i,  a  fine-grained  gray 
granite  from  near  Woodstock,  Baltimore  County;  2,  a  coarse-grained 
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gray  granite  from  Port  Deposit;  3,  a  dark,  mottled  stone,  with  large 
spots,  from  Western  Maryland ;  4,  a  light  pinkish-gray,  rather  coarse- 
grained, handsome  granite  from  Guilford,  Howard  County. 

WESTERN  GRANITES. 

From  the  Western  States  it  was  not  to  be  expected  that  much 
granite  should  be  sent  to  the  Exhibition.  There  were  two  exhibits, 
however,  from  beyond  the  Mississippi  River  which  deserve  notice. 
One,  of  the  Ozark  Granite,  a  dark-red,  rather  coarse,  but  compact 
stone,  which  takes  a  good  polish,  and  is  evidently  strong  and  durable. 
This  was  sent  by  P.  W.  Snyder,  of  the  Ozark  Granite  Works,  which 
are  located  near  Iron  Mountain,  Missouri.  The  other  exhibit,  con- 
sisting of  five  blocks  of  dressed  granite,  was  sent  by  H.  D.  Gurney, 
of  St.  Paul,  Minnesota.  Of  these,  two  were  gray,  two  reddish,  and 
one  intermediate  in  color.  The  tint  of  the  reddish  stone  is  rather 
dull,  and  the  grain  coarse,  but  all  the  specimens  shown  were  appa- 
rently of  good  quality. 

A  beautiful  red  granite — the  handsomest  in  the  Exhibition — was 
contained  in  the  collection  of  the  Geological  Survey  of  Wisconsin, 
and  was  brought  in  by  an  exploring  party  from  the  Laurentian  area 
of  the  central  part  of  that  State.  It  is  chiefly  composed  of  red, 
almost  scarlet,  orthoclase,  with  small  grains  of  quartz  and  hornblende. 
It  is  a  very  homogeneous  and  compact  stone,  taking  an  unusually 
perfect  and  brilliant  polish,  and  was  generally  conceded  by  those  who 
examined  it  to  be  the  most  beautiful  granite  they  had  seen. 

CANADIAN  GRANITES. 

In  the  Canadian  department  there  were  a  number  of  red  granites 
which  seemed  to  be  of  good  quality,  two  of  which  were  represented 
by  large  objects  of  different  kinds,  which  fully  illustrated  the  charac- 
teristics of  the  material.     These  were  : 

I.  Red  Syenite  from  Forsyth's  Island,  exhibited  by  Robert  Forsyth^ 

of  Montreal. 

This  island  is  in  the  St.  Lawrence  River,  near  the  village  of  Gana- 
noque,  and  hence  the  stone  is  known  in  market  as  the  Gananoque 
granite.  The  exhibit  consisted  of  a  monument  and  pedestal,  and  two 
large  vases,  all  handsomely  wrought  and  highly  polished.  There 
were  also  exhibits  of  dressed  stone  and  paving-blocks  of  the  same 
material.  This  consists  of  bright-red  orthoclase  feldspar,  bluish-gray 
quartz,  with  a  little  greenish -black  hornblende,  and  occasionally  some 
mica.    Though  less  bright  in  color  than  some  of  the  Bay  of  Fundy 
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granite,  tne  Uananoque  stone  is  of  a  pleasing  tint,  very  homogeneous 
in  texture,  and  takes  an  excellent  polish.  It  closely  resembles  much 
of  the  Scotch  red  granite,  and  is  apparently  fully  equal  to  it  in  all 
good  qualities. 

2.  Bay  of  Fundy  Red  Granite,  exhibited  by  T/te  Bay  of  Fundy  Red 

Granite  Company. 

This  stone  was  shown  by  a  polished  monument  three  feet  two 
inches  square  at  base  and  fifteen  feet  high,  four  polished  headstones, 
and  two  urns.  The  Bay  of  Fundy  granite  is  already  well  known  in 
the  markets  of  the  Atlantic  coast.  It  contains  almost  no  mica,  and 
therefore  may  be  properly  classed  as  a  syenite.  It  is  of  moderately 
fine  grain,  the  ground-work  composed  of  a  bright  light-red  orthoclase, 
mottled  with  perhaps  one-fourth  of  the  quantity  of  bluish  quartz  and 
one-tenth  or  less  of  black  hornblende.  It  is  a  very  tough  and  com- 
pact rock,  and  takes  as  high  and  uniform  a  polish  as  any  other  variety 
of  granite  known. 

3.  Red  Syenite  from  Kingston,  Ontario,  exhibited  by  Hon,  yohn 

Young,  Montreal. 

The  specimens  of  this  stone  shown  in  the  Canadian  exhibit  were 
comparatively  small,  and  hardly  afforded  material  for  fully  deciding 
on  its  relative  merit  Though  less  attractive  than  the  last  mentioned, 
it  is  apparently  a  good  and  handsome  stone,  and  is  said  to  be  obtain- 
able in  unlimited  quantity,  and  in  blocks  of  any  desired  size,  from  the 
harbor  of  Kingston. 

In  the  Canadian  department  were  also  shown  a  number  of  gray 
granites,  some  of  which  were  apparently  of  excellent  quality.  All 
these  were,  however,  represented  by  small  specimens,  and  their  charac- 
teristics could  therefore  not  be  well  judged  or  compared. 

The  granites  of  Canada  are  of  several  geological  ages, — those  from 
the  north  side  of  the  St.  Lawrence  being  chiefly  Laurentian,  both  red 
and  gray;  those  on  the  south  side  chiefly  metamorphosed  Silurian  and 
Devonian  rocks.  Of  the  New  Brunswick  granites,  the  gray  are  sup- 
posed to  be  Lower  Silurian  and  the  red  Devonian.  In  the  latter 
group  comes  the  Bay  of  Fundy  granite,  while  the  red  granite  of  For- 
syth's Island,  as  already  stated,  is  Laurentian. 

SCOTCH   GRANITES. 

The  display  of  foreign  granites  in  the  Exhibition  was  quite  large 
and  varied.  Some  of  these  have  been  briefly  alluded  to  in  the  pre- 
liminary sketch  of  the  building-material  shown  in  the  Exhibition; 
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but,  as  many  of  them  are  already  sold  in  our  markets,  they  deserve 
to  be  more  specially  noticed  and  compared  than  they  have  yet  been. 

The  well-known  red  granite  from  Peterhead,  and  the  gray,  of  Aber- 
deen, Scotland,  were  shown  in  a  great  variety  of  forms  and  by  numer- 
ous exhibitors  at  Philadelphia.  The  most  imposing  displays  were 
made  by  McDonald,  Field,  &  Co.,  and  James  Hunter,  Aberdeen,  and 
by  the  Great  North  of  Scotland  Granite  Company,  Peterhead.  These 
consisted  of  shafts,  monuments,  slabs,  urns,  etc.,  in  great  variety,  and 
all  showing  excellent  workmanship.  Smaller  exhibits  were  made  by 
Hugh  Campbell  &  Son, — red  granite  from  the  Moor  quarries,  Newry, 
— and  by  R.  Cruikshank  &  Co.,  of  Glasgow. 

The  Scotch  granites  are  justly  esteemed  for  their  beauty  of  color, 
and  closeness  and  uniformity  of  texture.  They  are  now  largely  im- 
ported into  this  country,  chiefly  for  monuments,  which  may  be  seen 
in  every  considerable  cemetery  between  the  Atlantic  and  the  Missis- 
sippi. The  red  is  the  more  largely  used,  being  preferred  on  account 
of  its  color.  The  popularity  of  the  Scotch  granites,  excellent  as  they 
are,  is  not  due,  however,  to  any  superiority  over  the  granites  of  the 
United  States,  but  rather  from  their  early  occupation  and  subsequent 
possession  of  the  market.  No  stronger  or  more  durable  stone  is 
likely  to  be  found  anywhere  than  the  granites  of  Peterhead  and  Aber- 
deen, but  they  do  not  surpass  in  beauty  or  excellence  the  red  granites 
of  the  Bay  of  Fundy  and  Gananoque,  and  the  more  esteemed  varieties 
of  red  and  gray  granite  from  New  England.  The  Peterhead  granite 
is  composed  of  pale-red  orthoclase,  a  little  greenish  albite  or  oligo- 
clase,  with  much  smoky  quartz,  and  some  black  hornblende.  No 
mica  was  found  in  the  specimens  examined,  though  a  little  is  some- 
times contained  in  the  rock.  It  weighs  165  pounds  and  14  ounces  to 
the  cubic  foot. 

IRISH   GRANITE. 

A  very  handsome  exhibit  of  blue  and  gray  granite  in  headstones, 
monuments,  etc.,  and  polished  columns  and  pilasters  for  building,  was 
made  by  the  Bessbrook  Granite  Works,  of  Bessbrook,  Ireland.  This 
stone  is  darker  and  more  bluish  in  color  than  the  Scotch  gray  granite, 
and  on  this  account  will  commend  itself  to  some  tastes.  It  is  a  close, 
compact  stone,  which  takes  a  fine  polish,  and  will  doubtless  prove 
very  durable. 

SWEDISH  GRANITES  AND  PORPHYRIES. 

The  Swedish  department  contained  two  exhibits  by  private  persons, 
which  attracted  much  attention  from  the  magnitude  of  the  masses 
shown,  the  beauty  of  the  material,  and  the  fine  workmanship  which 
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they  displayed.  These  were  made  by  Gottfried  Berg,  of  Stockholm, 
and  C.  A.  Kullgrens  (widow),  of  Uddevala.  Of  these  exhibits,  the 
first  consisted  chiefly  of  polished  porphyry  objects,  one  of  which  was 
a  portion  of  a  column,  of  which  the  section  was  some  two  and  a  half 
feet  in  diameter  by  six  feet  in  length.  There  was  also  a  beautiful 
inlaid  table  of  red  porphyry,  of  which  the  price  was  ^7500.  This 
porphyry  comes  from  Elfdalen,  in  Dalecarlia,  and  is  well  known  in 
the  markets  of  Europe.  It  consists  of  a  dark-red  or  brownish  base, 
with  small,  whitish  crystals  of  feldspar,  and  very  much  resembles  the 
antique  red  porphyry  so  largely  used  by  the  Romans.  It  is  undistin- 
guishable  from  some  of  the  porphyries  of  Eastern  Massachusetts,  of 
which  specimens  were  shown  in  the  collection  of  Mr.  T.  T.  Bouve,  in 
the  Government  Building. 

The  exhibit  of  the  Widow  Kullgrens  consisted  mainly  of  granite  or 
syenite  in  shafts,  monuments,  and  polished  slabs.  Considerable 
variety  was  shown  in  the  texture  and  color  of  the  stones,  but  most 
of  them  were  fine-grained  and  of  dark  colors.  The  material  of  the 
columns  resembled  somewhat  the  granite  of  Westerly,  Rhode  Island, 
but  was  darker.  A  monument,  seven  feet  in  height,  was  of  dark,  fine- 
grained granite,  and  most  beautifully  wrought  and  polished.  The 
slabs,  of  which  there  were  eight,  three  by  one  and  a  half  feet  in  sur- 
face, were  of  three  kinds,  all  dark,  but  so  highly  polished  as  to  be 
very  handsome. 

//.  FREESTONES. 

The  term  freestone  is  used  in  the  Eastern  United  States  to  desig- 
nate sandstones  and  limestones,  and  was  adopted  because  they  are 
wrought  with  so  much  more  facility  than  the  crystalline  rocks  of  New 
England  and  the  Alleghany  belt.  As  has  been  mentioned,  the  display 
of  this  class  of  building-stones  in  the  Exhibition  was  very  large, 
especially  of  sandstones,  of  which  a  great  number  of  exhibits  were 
made  by  several  Western  States.  These  differ  much  among  them- 
selves, both  in  color  and  texture,  but  form  four  groups,  distinguished 
by  their  geographical  distribution  and  by  their  physical  characteristics. 
These  are,  first,  the  olive-green  sandstones  of  Nova  Scotia,  of  Car- 
boniferous age ;  second,  the  brown  Triassic  sandstones  of  Connecti- 
cut, New  Jersey,  etc. ;  third,  the  drab  and  dove-colored  stones  of  the 
Waverly  and  Coal-Measures  of  Ohio  and  West  Virginia ;  fourth,  the 
purplish-brown  Potsdam  sandstones  of  Lake  Superior. 

Taken  as  a  whole,  the  sandstones  constitute  by  far  the  most  varied 
and  valuable  group  of  building-stones  which  we  possess.  Their 
good  qualities  are  manifold.  When  freshly  taken  from  the  quarries 
and  saturated  with  the  solution  of  silica,  which  is  called  the  quarry 
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water^  they  are  wrought  with  the  greatest  ease,  while  they  subse- 
quently harden,  and  become  almost  indestructible  by  any  agent 
except  mechanical  violence.  They  are  also  very  resistant  to  fire,  and 
finally,  they  exhibit  such  a  diversity  of  tint  and  texture  that  they 
afford  the  architect  great  range  for  the  exercise  of  taste.  For  these 
reasons,  as  well  as  their  wide  distribution,  and  the  cheapness  with 
which  they  can  be  furnished  to  all  our  markets,  they  are  more  exten- 
sively used  for  construction  than  any  other  building-material,  except 
brick  and  wood. 

'      CANADA   FREESTONES. 

The  Canadian  department  contained  a  large  number  of  cubes  of 
dressed  sandstone  and  limestone,  most  of  which  formed  part  of  the 
spkndid  collective  exhibit  of  the  Geological  Survey.  Among  these 
were  several  which  were  apparently  of  excellent  quality  and  of  good 
color;  but  none  afforded  adequate  opportunity  for  judging  of  their 
merits. 

The  Dorchester  Stone,  or,  as  it  is  better  known  in  the  market, 
the  "  Nova  Scotia  stone,"  was  represented  by  a  number  of  exhibits, 
which  afford  good  illustration  of  the  characteristic  qualities  of  this 
excellent  building-material.  These  were  from  the  Hopewell  Quarry 
Company,  whose  quarries  are  situated  on  Shepody  Mountain,  Hope- 
well, Albert,  New  Brunswick  ;  the  Caledonia  Freestone  Company,  and 
the  Dorchester  Union  Freestone  Company,  of  Dorchester,  New  Bruns- 
wick. The  stone  is  derived  from  the  millstone  grit  formation,  is  pale 
olive-green  in  color,  of  medium  fineness,  uniform  texture  and  tint, 
and  of  good  strength.  It  has  been  proved  by  extensive  use  in  the 
Atlantic  States  to  be  a  durable  and  serviceable  stone,  and  is  generally 
admired  for  its  color. 

EASTERN  UNITED   STATES  FREESTONES. 

The  Brownstone  of  the  Eastern  States  was  represented  by  speci- 
mens exhibited  by  Norcross  Brothers,  East  Longmeadow,  Massachu- 
setts; Shaler&  Hull,  and  the  Portland  Brownstone  Quarry  Company, 
of  Portland,  Connecticut.  The  stone  shown  by  all  these  exhibitors 
was  similar  in  character,  and,  especially  the  display  made  by  the  Port- 
land Brownstone  Company,  illustrated  well  the  prevailing  character 
of  this  largely-used  and  highly-esteemed  stone.  As  is  well  known 
to  all  who  are  familiar  with  the  Triassic  sandstones  of  Connecticut 
and  New  Jersey,  they  vary  much  in  quality,  and  need  to  be  selected 
with  much  care.  Some  of  the  varieties  are  laminated  in  structure, 
and  hence  are  liable  to  exfoliate,  especially  when  used  as  ashlars 
and  set  on  edge.     Others,  which  seem  to  be  sufficiently  compact  and 
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homogeneous,  are  largely  composed  of  grains  of  feldspar,  which 
readily  decomposes,  and  this  leads  to  the  disintegration  of  the  stone. 
On  the  other  hand,  a  large  part  of  the  material  produced  from  the 
quarry  mentioned,  and  from  others  which  supply  the  markets  of 
the  country,  is  handsome,  strong,  and  durable.  The  extensive  use 
made  of  this  stone  during  the  last  two  hundred  years  has  served  to 
bring  out  fully  both  its  excellences  and  its  defects ;  and  while  it  has 
enjoyed  a  popularity  that  has  caused  it  to  be  used  in  our  cities  to 
such  a  degree  as  to  give  a  sombre  monotony  of  tone  to  the  architec- 
ture of  many  of  our  finest  streets,  a  sufficient  number  of  instances 
where  the  stone  has  flaked  and  softened  may  be  seen  in  every  locality 
where  it  is  used,  to  prove  the  necessity  of  careful  discrimination  in 
its  selection. 

A  dark,  purplish-brown  sandstone,  from  Hummelstown,  Dauphin 
County,  Pennsylvania,  was  shown  by  H.  F.  Martin  and  Struthers  & 
Sons.  This  is  a  fine-grained  and  apparently  strong  and  good  stone, 
of  which  the  tint  is  rather  sombre,  but  it  may  be  used  with  good 
effect  relieved  by  lighter  trimmings.  It  is  from  the  Palaeozoic  rocks, 
and  is  probably  of  Lower  Carboniferous  age. 

A  purplish-red,  very  fine-grained,  and  compact  sandstone,  from 
Aquia  Creek,  Virginia,  was  contained  in  the  collective  exhibit  of 
Struthers  &  Sons,  of  Philadelphia.  It  is  apparently  the  same  stone  as 
that  of  which  the  Smithsonian  Institution  is  constructed,  and  probably 
comes  from  the  Triassic  beds.  It  is  redder,  finer  grained,  stronger, 
and  more  homogeneous  than  the  browastone  of  New  Jersey  and 
Connecticut. 

OHIO  FREESTONES. 

The  most  varied  and  extensive  display  of  building-stones  in  the 
Exhibition  was  that  from  Ohio,  made  partly  by  the  Commissioners 
from  that  State,  and  in  part  by  private  individuals.  The  collective 
exhibit  of  the  Commissioners  was  principally  embodied  in  the  Ohio 
State  Building,  which  was  constructed  of  stone  furnished  by  quarry- 
men  and  dealers  in  various  parts  of  the  State.  This  afforded  an  ex- 
cellent exhibition  of  the  quality  of  the  material  used,  as  they  were 
here  directly  applied  to  the  purposes  which  they  are  intended  to 
ser\'e ;  and  while  the  style  of  architecture  adopted  did  not  fully  bring 
out  the  good  qualities  of  all  the  varieties  of  stone  shown,  the  test 
which  this  method  of  display  afforded  was  on  the  whole  highly 
satisfactory. 

The  Ohio  building-stone  formed  three  groups,  in  each  of  which 
there  were  several  exhibits : 


GENERAL  REPORT  OF  THE  JUDGES  OF  GROUP  L         129 

I.  Limestone  of  the  Niagara  Group. 

These  constitute  what  are  known  in  market  as  the  Dayton  and 
Springfield  stones.  Of  these,  the  first  was  shown  in  the  exhibits  of 
Marcus  Bosler  and  William  Huffman,  of  Dayton,  and  B.  C.  Statler, 
of  Piqua ;  the  second  by  those  of  George  Sinz,  W.  S.  Thompson,  and 
A.  O.  Hoffman,  of  Springfield.  Both  these  are  handsome  building- 
stones,  largely  used  in  Southwestern  Ohio,  and  exported  thence  to 
several  of  the  Western  States.  The  Dayton  stone  is  of  a  pale  dove 
color,  the  Springfield  stone  lighter.  Both  are  strong,  fine-grained, 
and  homogeneous,  and  work  well  under  the  chisel. 

2.  Limestones  of  the  Devonian  System. 

These  came  from  the  quarries  of  Mr.  Clark,  at  Charloe,  and  Dr.  P. 
H.  demons,  at  Marblehead.  Both  are  situated  in  the  Carboniferous 
limestone.  The  stone  from  Charloe  is  nearly  white  in  color,  and  has 
the  appearance,  when  worked,  of  white  marble.  That  from  Marble- 
head  is  pale  cream  color ;  both  are  handsome,  strong,  and  excellent 
building-stones. 

3.  Sandstones  of  the  Waverly  Group. 

The  Lower  Carboniferous,  or  Waverly  series,  furnish  by  far  the 
largest  amount  of  building-stone  used  in  Ohio.  The  quarries  are 
located  chiefly  near  the  northern  and  southern  margins  of  the  State, 
and  they  furnish  an  annual  product  which  sells  for  more  than  a 
million  dollars. 

In  Northern  Ohio,  the  most  important  quarries  are  located  at  Am- 
herst, Berea,  Independence,  and  East  Cleveland,  all  in  the  same 
stratum, — the  Berea  grit, — which,  however,  varies  considerably  in 
color  and  grain.  The  Amherst  stone  was  shown  by  a  large  number 
of  exhibitors,  whose  contributions  formed  the  greater  part  of  the  State 
Building,  and  of  the  collection  of  Ohio  building-stones  in  the  Mineral 
Annex. 

The  Amherst  Stone  is  a  light-drab,  rather  fine-grained,  homoge- 
neous sandstone,  composed  almost  entirely  of  silica,  having  a  strength 
of  from  7000  to  8000  pounds  to  the  square  inch,  and  working  with 
great  ease  and  accuracy  under  the  chisel.  Its  color  is  pleasing  and 
unchangeable,  and  it  is  justly  esteemed  as  one  of  the  handsomest  and 
best  building-stones  in  the  country.  The  exhibitors  of  Amherst  stone 
were  The  Amherst  Stone  Company,  L.  Halderman  &  Son,  The 
Wilson  &  Hughes  Stone  Company,  The  Clough  Stone  Company, 
The  Ohio  Stone  Company,  and  Worthington  &  Sons. 
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The  Berea  Stone  is  light-bluish- gray  in  color,  and  somewhat 
coarser  than  the  Amherst.  It  is  generally  sound  and  strong,  but 
some  of  the  layers  contain  iron  sulphide,  and  are  liable  to  stain  and 
exfoliate.  When  well  selected  it  is,  however,  a  durable  stone,  and  is 
highly  esteemed  for  heavy  masonry.  It  is  also  adapted  to  finer  work. 
The  State  coat  of  arms,  inserted  in  the  gable  of  the  Ohio  Building, 
and  carved  by  W.  G.  McNally,  of  Cleveland,  was  wrought  from  the 
Berea  stone.  The  exhibitors  of  this  stone  were  The  Berea  Stone 
Company  and  J.  McDermit  &  Co.  The  Black  River  Stone  Com- 
pany contributed  one  course  and  a  window  to  the  Ohio  Building,  of  a 
stone  very  similar  to  the  Amherst  in  color  and  texture.  This  was 
taken  from  near  Elyria,  Lorain  County.  The  stone  from  the  Inde- 
pendence quarries  was  furnished  by  J.  H.  Hurst,  John  Wagner,  and 
the  Wilson  &  Hughes  Stone  Company,  of  Cleveland.  This  stone 
resembles  the  Amherst  in  color,  but  is  a  little  coarser  in  texture. 
Like  that  from  Berea  and  Amherst,  it  is  extensively  used  for  grind- 
stones. 

The  Peninsula  Stone  was  sent  by  the  Peninsula  Stone  Company, 
and  the  Euclid  Stone  by  O.  D.  Ford,  of  Cleveland.  These  quarries 
are  situated,  the  first  twenty  miles  north,  the  second  six  miles  east, 
of  Cleveland.  Both  are  opened  in  the  Berea  grit,  and  the  stone  they 
furnish  has  the  same  general  character  with  those  already  described, 
but  is  somewhat  coarser.  In  color  the  Peninsula  stone  is  light  gray, 
the  Euclid  light  yellow. 

The  stone  taken  from  the  Berea  grit  at  the  various  quarries  in 
Northern  Ohio  is  the  basis  of  a  large  and  growing  industry.  It  is 
exported  to  most  of  the  Northern  cities,  both  east  and  west.  In  New 
York  it  is  known  as  the  Ohio  stone,  and  is  becoming  a  favorite  mate- 
rial for  construction.  The  price  at  the  quarries  varies  from  twenty 
to  fifty  cents  per  cubic  foot,  and  the  annual  production  has  the  value 
of  about  half  a  million  dollars. 

The  Waverly  Stone,  of  Southern  Ohio,  is  quarried  chiefly  at 
Waverly,  Pike  County,  and  at  Buena  Vista,  Scioto  County ;  the  for- 
mer located  in  the  lower  portion  of  the  Waverly  series,  the  latter  in 
the  upper.  The  stone  from  this  region  is  finer-grained  and  less 
silicious  than  that  from  Northern  Ohio,  and  has  generally  a  more 
decided  bluish  tint  when  freshly  quarried,  but  becomes  lighter  and 
more  yellowish  on  exposure.  This  is  a  favorite  building-stone  in 
Cincinnati,  and  forms  the  basis  of  a  large  export  trade  to  the  Western 
States.  It  is  also  more  sparingly  shipped  to  Philadelphia  and  New 
York.  Though  some  varieties  of  this  stone  are  liable  to  stain  and 
exfoliate  from  the  oxidation  of  the  contained  iron,  as  a  general  rule  it 
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is  an  excellent  and  very  handsome  stone,  taking  rank  with  the  best 
and  handsomest  of  the  freestones  of  the  country. 

The  Buena  Vista  Stone  immediately  overlies  a  bituminous  shale, 
and  has  received  from  this  an  impregnation  of  petroleum,  which  the 
sun's  heat  sometimes  brings  to  the  surface  in  oily  or  black  stains. 

The  exhibitor  of  the  Waverly  stone  was  M.  F.  Rickey,  of  Waverly ; 
and  of  the  Buena  Vista  stone,  M.  &  J.  H.  Finnegan,  of  Cincinnati. 
J.  Dougherty,  of  Newark,  Ohio,  exhibited  blocks  of  fine  brown  and 
dove-colored  Waverly  sandstone,  which  were  handsome,  but  rather 
tender.  The  former  is  much  used  at  Columbus,  and  is  highly 
esteemed. 

In  the  State  collection  was  a  block  of  banded  and  mottled  red, 
fine-grained  stone  from  the  base  of  the  Waverly  formation,  at 
Cynthiana,  Pike  County,  which  is  striking  and  peculiar  in  appearance. 
It  could  probably  be  used  with  excellent  effect  in  architectural 
decoration. 

A  variegated  sandstone,  of  which  the  colors  are  red,  yellow,  and 
black,  was  shown  by  Mr.  Z.  S.  Stocking,  of  Mansfield.  This  is  a 
tender  and  rather  coarse-grained  stone,  very  striking  in  appearance. 
Though  readily  yielding  to  mechanical  violence,  it  will  not  decom- 
pose by  exposure,  and  for  some  architectural  purposes  can  probably 
be  used  with  good  effect.     This  also  is  from  the  Waverly  group. 

The  Conglomerate  of  Ohio,  though  supplying  much  building-stone 
for  local  use,  is  generally  too  coarse  and  tender  to  be  highly  esteemed. 

Specimens  of  brown  and  purple  sandstone  from  Cuyahoga  Falls  and 
Akron,  in  Summit  County,  contained  in  the  State  collection,  deserve 
a  passing  notice.  Of  these,  the  first  resembles  in  appearance  the 
darker  varieties  of  the  "  brownstone"  of  New  Jersey  and  Connecti- 
cut, but  it  is  much  stronger  and  more  durable.  The  second  is  a  fine 
even-grained  sandstone,  containing  much  iron  in  the  condition  of  an- 
hydrous peroxide,  and  is  one  of  the  handsomest  building-stones  in  the 
country.  It  is  of  a  dark,  purplish-brown  color,  and  has  been  used 
with  excellent  effect  in  association  with  Amherst  stone  in  some  of 
the  finest  residences  of  Cleveland. 

The  Coal-Measure  sandstones,  though  strong  and  durable,  are 
generally  rather  coarse-grained,  and  are  rarely  attractive  in  color. 
To  this  rule  there  are,  however,  some  marked  exceptions,  and  in 
the  exhibits  of  Ohio  and  West  Virginia  were  many  blocks  of  very 
beautiful  and  excellent  stone  taken  from  the  beds  associated  with 
the  seams  of  coal.  In  the  Ohio  exhibit  a  handsome  show  of  Coal- 
Measure  sandstones  was  made  by  Messrs.  Warthorst  &  Co.,  of  Mas- 
sillon,  Stark  County;  by  Maurer  &  Haid,  Homer  Hamilton,  Byers 
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&  Mcllhenny,  Caldwell  &  Tod,  and  R.  N.  Montgomery,  of  Youngs- 
town  ;  and  C.  B.  Wells,  of  Marietta. 

The  Massillon  and  Youngstown  Stones  are  strong,  homogeneous, 
and  indestructible,  but  rather  coarse  in  texture ;  they  are  drab,  pink, 
and  white.  The  first  two  of  these  colors  are  sometimes  handsomely 
blended  in  the  same  block,  and  where  shown  in  different  blocks 
they  give  a  variety  which  is  generally  admired  to  the  plain  walls  of 
structures. 

The  Marietta  Stone  is  a  dark,  greenish-gray  sandstone,  fine- 
grained, and  uniform  in  color  and  texture.  All  these  sandstones, 
like  those  from  the  Berea  grit,  are  used  for  grindstones. 

A  white  sandstone  much  used  for  furnace  hearths,  but  also  a  very 
handsome  building  material,. was  shown  by  Rhodes  &  Card,  in  the 
collective  exhibit  of  the  Tuscarawas  Iron  Company.  It  is  quarried 
in  Franklin  Township,  Tuscarawas  County.  A  similar  and  more 
purely  white  sandstone  is  found  in  Perry  County. 

WEST  VIRGINIA    FREESTONES. 

In  the  collective  exhibit  of  building-stones  made  by  the  West 
Virginia  State  Board,  there  was  a  large  number  of  blocks  of  sand- 
stone from  the  Coal-Measures,  some  of  which  were  of  excellent 
quality,  and  deserve  special  mention,  viz. : 

1.  A  greenish-gray  sandstone  from  Weston,  Lewis  County,  used 
in  the  construction  of  the  new  Insane  Asylum  at  Weston.  This 
is  fine-grained,  apparently  homogeneous,  and  strong,  and  buildings 
made  of  it  are  said  to  be  very  handsome.  The  exhibitor  was  Dr. 
T.  B.  Camden. 

2.  Blocks  of  sandstone,  apparently  of  excellent  quality,  sent  by 
W.  S.  Willey,  from  Morgantown ;  the  darker  variety  represents  the 
stone  used  in  the  lock  recently  constructed  on  the  Monongahela 
River;  the  lighter  is  that  of  which  the  dam  at  this  lock  is  built, 
and  both  have  been  highly  commended  by  the  United  States  engi- 
neers in  charge  of  the  work. 

3.  Two  handsome  varieties  of  stone  shown  by  Cecil  Clay  and  R. 
L.  Kestor,  of  Ronceverte  Depot.  Of  these,  the  first  is  a  gray,  strong, 
homogeneous  stone,  used  in  building  the  piers  of  the  railroad  bridge 
over  the  Greenbrier  River ;  the  other,  a  reddish-brown  sandstone 
from  the  same  locality,  much  used  for  building. 

4.  A  handsome,  fine-grained,  brownish-drab  sandstone,  from  the 
Coal-Measures  on  King's  Creek,  Hancock  County,  exhibited  by  the 
proprietors  of  the  quarry,  Messrs.  J.  &  D.  Hudson.     It  resembles 
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the  chocolate  variety  of  the  Waverly  stone,  quarried  near  Newark, 
Ohio,  but  seems  to  be  harder. 

5.  A  light-gray,  rather  fine-grained  stone,  resembling  the  gray  Am- 
herst, forwarded  by  Albert  Laidley,  of  Barbersville,  Cabell  County. 

6.  A  coarse  drab  sandstone  from  Grape  Island,  Pleasants  County, 
said  to  form  a  massive  ledge  forty  feet  in  thickness,  exhibited  by 
B.  W.  Browse. 

7.  A  coarse,  pale-red  or  pinkish  sandstone  from  the  mouth  of 
Gauley  River,  sent  by  J.  H.  Miller,  Jr.,  of  Gauley  Bridge.  This  is 
not  a  handsome  stone,  but  strong,  and  well  adapted  to  heavy  work. 

8.  Very  light-gray,  coarse,  but  strong  and  serviceable  sandstone, 
shown  by  the  Bogg's  Run  Mining  Company,  Wheeling. 

9.  A  medium-grained  stone,  light  gray,  with  darker  clouds  and 
veins ;  a  good  and  handsome  stone,  from  Fetterman,  Taylor  County, 
sent  by  A.  Armstrong,  Pruyntown. 

10.  J.  &  M.  Waddell  exhibited  a  fine-grained  argillaceous  sand- 
stone of  a  brownish  dove-color,  which  looks  well,  but,  from  the  quan- 
tity of  alumina  and  mica  it  contains,  is  liable  to  weather. 

KENTUCKY   FREESTONES. 

In  the  collective  exhibit  of  the  Geological  Survey  of  Kentucky  were 
many  specimens  of  building-stone,  most  of  which  were  limestones. 
Excellent  sandstones  exist  in  several  parts  of  the  State,  especially 
in  the  Coal-Measures  of  both  the  eastern  and  western  basins ;  but 
only  one  of  these  was  fairly  represented  in  the  Exhibition.  This  was 
a  light-brown,  fine-grained,  homogeneous  sandstone  from  the  Coal- 
Measures  of  Hawesville.  It  is  probably  the  same  stone  as  that 
quarried  on  the  opposite  side  of  the  river  at  Cannelton,  which  lies  in 
heavy  courses,  is  quarried  with  great  facility  in  blocks  of  any  desired 
dimensions,  and  has  been  proved  to  be  an  excellent  stone. 

The  limestones  of  the  central  part  of  the  State,  from  their  prox- 
imity to  the  centres  of  population,  the  ease  with  which  they  are 
worked,  and  their  good  qualities  as  building-stones,  have  come  into 
extensive  use,  and  furnished  many  samples  for  the  Exhibition.  Of 
these  a  few  of  the  most  deserving  will  be  mentioned,  viz. : 

I.  The  Kentucky  Marble  taken  from  Grunes  &  Harris'  quarries, 

near  Clay's  Ferry,  Fayette  County, 

This  is  a  magnesian  limestone  of  Lower  Silurian  age,  and  is  the 
material  used  for  the  construction  of  Henry  Clay's  monument  in  the 
Lexington  cemetery.  It  is  a  yellowish  cream-colored  limestone,  more 
or  less  specked  and  clouded  with  darker  spots.     It  is  a  handsome 


J 34  INTERNATIONAL  EXHIBITION,  1876, 

and  serviceable  building-stone,  but  scarcely  deserves  the  name  of 
marble,  nor  is  it  adapted  to  decorative  purposes. 

2.  Bluish-Gray    Mottled    Limestone,   from    the  Lower  Silurian 

Rocks  at  Betison  Creek, 

A  homogeneous  and  handsome  building-material. 

■ 

3.  Oolitic  Limestone,  from  the  quarry  of  Belknap  &  Co,,  Borivling 

Green,  Warren  Couftty. 

This  is  a  nearly  white  homogeneous  limestone  of  Lower  Carbon- 
iferous age,  and  a  typical  specimen  of  the  white  or  oolitic  limestone 
so  largely  used  for  building  in  Kentucky  and  Indiana.  From  its 
granular  texture  it  works  under  the  chisel  as  easily  and  accurately  as 
sandstone,  and  is,  on  the  whole,  a  very  handsome  and  useful  stone. 
When  wrought  it  has  the  appearance  of  a  very  h'ght-colored  granite, 
and  in  most  circumstances  is  a  more  desirable  building-material,  since 
it  may  be  worked  with  so  much  greater  facility.  It  will  not,  however, 
receive  a  high  polish,  and  in  cities  where  soft  coal  is  used,  is  liable, 
like  all  limestones,  to  be  corroded  by  the  evolved  sulphuric  acid. 
Specimens  of  the  same  stone,  but  less  uniform  in  color  and  texture, 
were  sent  to  the  Exhibition  from  Hopkinsville,  Princeton,  and  some 
other  localities. 

4.  A  DovE-CoLORED    LiMESTONE,  from  Glasgow  yunction,  Barren 

County, 

This  is  also  from  the  Lower  Carboniferous  limestone,  and  is  asso- 
ciated with  the  Kentucky  lithographic  stone.  It  is  a  handsome  and 
apparently  a  good  building-material, 

INDIANA  FREESTONES. 

A  fine  display  of  building-stones  was  made  at  the  Indiana  State 
Building,  consisting  chiefly  of  large  blocks  of  oolitic  limestone  from 
different  localities.  The  principal  exhibits  were  made  by  Emanuel 
Link,  of  Salem,  Washington  County;  Norris  &  Cummings,  and  J.  D. 
Whitted,  Bedford,  Lawrence  County ;  and  John  Mathews  &  Son,  and 
Perry  Brothers,  Elletsville,  Monroe  County. 

The  collective  exhibit  of  the  Indiana  Geological  Survey,  shown  in 
the  Mineral  Annex,  also  contained  a  large  number  of  blocks  of  build- 
ing-stone, several  of  which  seemed  to  be  of  excellent  quality.  Among 
these  the  oolitic  limestones  of  Harrison  and  Hamilton  Counties 
deserve  special  notice. 
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ILLINOIS   FREESTONES. 

The  building-material  of  Illinois  was  very  inadequately  represented 
at  the  Philadelphia  Exhibition.  There  were,  however,  a  few  speci- 
mens of  the  freestone  from  this  State  which  may  be  mentioned,  such 
as — 

I.  The  Athens  Marble,  from  yoliet. 

This  is  the  bluish-drab  magnesium  limestone  of  Niagara  age,  so 
well  known  and  extensively  used  in  Chicago.  Some  varieties  have 
much  the  appearance  of  the  Caen  stone,  but  it  is  more  compact  and 
strong.  It  is  sawed  with  facility,  but  under  the  chisel  works  with  less 
ease  than  the  oolitic  limestones.  It  is,  on  the  whole,  one  of  the 
best  calcareoas  freestones  of  the  Mississippi  Valley. 

2.  Dark-Red  Sandstone,  from  Carbondale, 
A  homogeneous,  moderately-fine,  handsome,  and  good  stone. 

3.  Light-Green  Sandstone,  Trom  Calhoun  County, 
Handsome,  and  apparently  of  good  quality. 

4.  Light-Drab  Sandstone,  from  Carbondale, 

The  last  three  are  from  the  Carboniferous  formation,  and  form  part 
of  the  collective  exhibit  of  the  Illinois  Industrial  University. 

MISSOURI    freestones. 

The  granite  of  Missouri  has  already  been  referred  to.  In  addition 
to  this  there  were  one  variety  of  marble,  one  of  limestone,  and  two 
of  sandstone  shown  from  this  State ;  the  former  of  these  will  be 
briefly  described  in  another  place.  The  limestone  is  that  quarried  by 
the  Central  Marble  Company,  at  Canton.  This  is  a  dark-drab  or 
yellowish-gray  stone,  with  very  fine  and  uniform  grain,  quite  hand- 
some to  the  eye,  homogeneous,  and  strong.  It  closely  resembles  the 
Athens  marble,  and  takes  rank  with  it  as  a  building-material.  The 
sandstones  from  Missouri  were : 

1.  A  Light-Colored  rather  Coarse  Stone,  from  the  Lower  Car- 

boniferous at  Nuremburgf  Johnson  County, 

Apparently  a  good,  serviceable  stone,  but  of  no  great  beauty. 

2.  A  very  Fine-Grained  Light  Yellowish-Drab  Sandstone,  from 

the  quarries  of  Mr,  E,  T,  Cromwell,  at  St,  Genevieve, 

This  was  one  of  the  handsomest  building-stones  shown  in  the  Ex- 
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hibition,  having  the  tint  of  the  Caen  stone,  and  apparently  homogene- 
ous in  color  and  texture.  It  is  of  medium  strength  (4800  pounds  to 
the  square  inch),  but  works  under  the  chisel  with  great  ease  and  accu- 
racy, and,  composed  as  it  is  of  nearly  pure  silica,  will  suffer  little  or 
no  change  by  exposure.  It  resembles  in  grain  and  color  some  of 
the  Waverly  sandstones  of  Ohio,  but  is  of  a  lighter  and  brighter 
tint  than  those  generally  are,  and,  if  it  can  be  produced  in  quantities 
like  the  sample,  must  be  a  very  valuable  stone. 

KANSAS  FREESTONES. 

In  the  Kansas  and  Colorado  State  Building,  the  splendid  exhibit 
of  the  staple  products  of  Kansas  contained  numerous  specimens  of 
her  building-stones.  These  were,  however,  generally  small,  and 
while  several  seemed  to  be  fairly  good,  only  one  calls  for  special  no- 
tice. This  is  a  very  light-yellow,  porous  limestone,  which  belongs  to 
the  Upper  Coal-Measures,  and  is  found  in  a  large  number  of  localities 
through  the  central  part  of  the  State.  The  specimen  examined  was 
from  Junction  City.  This  stone  is  not  remarkable  for  beauty,  although 
it  looks  well  when  laid  up  in  walls ;  but  its  excellence  consists  in  the 
facility  with  which  it  is  worked.  When  taken  from  the  quarry  it  is 
so  soft  that  it  may  be  sawed  like  wood,  but  it  subsequently  hardens, 
and  will  doubtless  prove  sufficiently  durable.  Both  in  color  and  con- 
sistence it  resembles  the  Calcaire  Grassier^  the  common  building-stone 
of  Paris,  and  may  be  used  in  the  same  way ;  that  is,  a  wall  may  be 
built  of  it  in  the  rough,  and  planed  to  a  perfect  surface,  or  ornamented 
in  place. 

COLORADO  FREESTONES. 

From  Colorado  three  handsome  blocks  of  sandstone  were  sent  by 
John  Evans,  of  Morrison,  Jefferson  County.  These  were  about  three 
feet  in  length  by  one  and  a  half  wide,  and  eight  inches  thick ;  one 

1 

,  gray,  the  other  two  of  red-banded  stone.     Both  kinds  are  fine-grained, 
handsome,  and  apparently  good. 

MICHIGAN   FREESTONES. 

From  Michigan  two  exhibits  only  of  building-stone  were  made. 
Both  these  were  of  the  purple  sandstone  which  forms  so  much  of  the 
southern  shore  of  Lake  Superior;  one  sent  by  the  Burt  Freestone 
Company,  of  Marquette,  the  other  by  the  L'Anse  Brownstone  Quarry 
Company,  of  L'Anse.  Of  these,  the  best  known  in  the  Western  States 
is  the  Marquette,  or  Bass  Island  stone,  so  named  from  the  prin- 
cipal localities  which  supply  it.     This  stone  varies  considerably  in 
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color  and  grain ;  it  is  generally  purplish  or  brownish-red,  of  a  rich, 
agreeable  tint.  Some  varieties,  like  the  specimens  sent  from  Mar- 
quette, are  quite  fine-grained  and  strong,  while  the  Bass  Island  stone 
is  rather  coarse  and 'tender;  both,  however,  are  composed  of  silica 
and  iron,  with  perhaps  a  little  manganese,  and  will  be  very  resistant 
to  weathering,  and  where  not  exposed  to  mechanical  violence  even 
the  softest  will  prove  durable.  Lake  Superior  sandstone  has  been 
extensively  used  in  Chicago,  Milwaukee,  and  other  Western  cities, 
and  its  many  good  qualities  have  been  already  demonstrated. 

///.  MARBLES, 

In  common  language  any  hard,  calcareous  rock  which  will  take  a 
polish  is  called  marble.  But  strictly  speaking,  only  those  limestones 
which  have  been  subject  to  metamorphic  action  can  be  properly  des- 
ignated by  this  term.  For  example,  the  so-called  black  marbles  of 
Glenn's  Falls,  New  York,  of  the  Wyoming  Valley,  Pennsylvania,  and 
of  Coshocton  County,  Ohio,  are  simply  limestones  colored  black  by 
carbonaceous  matter ;  while  the  "  Athens  Marble"  of  Northern  Illi- 
nois, the  **  Marble"  of  Canton,  Missouri,  etc.,  are  drab  limestones.  All 
these  are  compact  and  fine-grained,  and  take  a  fairly  good  polish,  but 
are  much  less  crystalline  and  hard,  and  receive  a  less  brilliant  polish 
than  the  true  marbles,  which  are  limestones  that  have  shared  the 
metamorphism  that  converts  shales  into  slates,  sandstones  into  quartz- 
ites,  etc.  Hence  true  marbles  are  only  found  in  regions  underlaid  by 
metamorphic  or  changed  rocks,  where  they  are  associated  with  gran- 
ites, micacious  and  talcose  slates,  argillite,  etc.  Such  regions  are 
usually  mountainous,  and  all  mountain  chains  are  composed  of  meta- 
morphic rocks.  With  these  facts  in  mind  it  is  easy  to  understand 
why,  in  our  own  country,  true  marbles  are  confined  to  the  Canadian 
Highlands,  New  England,  the  Alleghany  belt,  and  the  great  moun- 
tain chains  of  the  Far  West ;  also,  that  in  the  Old  World  the  marble 
quarries  are  located  in  disturbed  and  generally  in  mountainous  dis- 
tricts. It  must  not  be  inferred,  however,  from  these  facts  that  the 
marbles  are*  necessarily  very  ancient  rocks,  for  the  causes  which  have 
operated  to  elevate  mountain  chains  and  metamorphose  the  rocks 
which  form  them  have  acted  in  all  geological  ages,  and  some  of  the 
most  beautiful  marbles  known  are  from  comparatively  recent  forma- 
tions, such  as  the  Carrara  statuary  marble,  which  is  a  metamorphic 
limestone  of  Jurassic  age. 

Marbles,  in  commerce,  are  divided  into  two  groups,  the  white  and 
the  colored.  In  the  first  category  are  placed  not  only  the  pure  white 
statuary  marble,  but  those  which  are  chiefly  white,  though  specked, 
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clouded,  or  veined  with  darker  colors.  The  colored  marbles  comprise 
those  that  are  gray,  blue,  black,  green,  red,  and  yellow,  or  mottled  by 
various  mixtures  of  these  colors  with  each  other  or  with  white.  Mar- 
bles also  vary  much  in  their  chemical  composition,  their  texture,  and 
their  structure,  some  being  nearly  pure  carbonate  of  lime,  while  others 
— and  among  these  some  of  the  most  highly  esteemed — contain  large 
quantities  of  magnesia.  In  texture  they  vary  from  those  in  which  the 
paste  is  scarcely  granular  to  such  as  are  very  coarsely  crystalline. 
This  latter  characteristic  does  not  prevent  their  receiving  a  high 
polish,  though  the  finer  grained  marbles  excel  in  this  particular.  In 
structure  they  may  be  homogeneous,  though  coarse,  or  veined  and 
brecciated  as  though  composed  of  a  mixture  of  very  different  mate- 
rials ;  and  further,  they  may  be  pure  or  impure,  that  is,  may  contain 
silicious  masses  technically  known  as  quartz  and  flint,  or  "  curdle," 
which  is  generally  tremolite;  they  may  be  sound  or  unsound, — by 
which  is  meant  solid  and  compact, — or  checked  and  fissured  by  cracks 
or  veins ;  and  finally,  they  may  be  strong  or  weak,  durable  or  perish- 
able. The  quality  of  first  importance  in  a  marble  is  beauty,  for  it  is 
chiefly  a  stone  of  ornament,  and  their  varied  and  attractive  colors  and 
brilliant  polish  constitute  the  shining  qualities  of  the  most  esteemed 
marbles ;  but  the  uses  of  marble  are  various,  and  are  often  such  as  to 
require  both  strength  and  durability. 

The  rarest  and  most  highly-prized  of  all  the  marbles  in  common 
use  is  the  pure  white  statuary,  like  the  best  Carrara  and  Pentelic 
marbles.  Of  this  the  best  grades  are  worth  as  much  as  twenty  dol- 
lars a  cubic  foot  in  the  chief  markets  of  the  world.  Such  marble 
is  used  almost  exclusively  for  statuary,  and  the  supply  of  that  which 
is  pure  in  color  and  faultless  in  texture  is  always  inadequate  to  the 
demand. 

The  uses  to  which  the  "  white  marbles**  are  devoted  are  quite  varied, 
and  admit  of  a  diversity  of  quality.  The  finest  "  white  ^tock,"  in- 
cluding some  statuary,  is  used  for  mantels  and  furniture ;  the  second 
grade,  t>'pified  by  the  "  veined  Italian*'  (which  is  not  veined  at  all,  but 
only  slightly  mottled  or  clouded),  for  the  same  purposes  and  for  mon- 
uments ;  while  "  monumental  stock,**  white,  mottled  with  dark  blue 
or  gray,  generally  also  banded  or  clouded,  is  chiefly  employed  for 
sepulchral  monuments,  while  the  coarser  white,  pure,  or  clouded, 
forms  the  material  of  which  are  composed  the  most  beautiful,  if  not 
the  grandest  structures  raised  by  the  hand  of  man. 

As  has  already  been  stated,  the  display  of  marbles  at  Philadelphia 
was  very  extensive  and  varied.  In  fact,  it  included  nearly  all  the 
varieties  of  marbles  known,  both  ancient  and  modern. 
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AMERICAN   MARBLES. 

Much  the  largest  quantity  of  marble  shown  in  the  Exhibition 
came  from  American  localities,  and  the  most  impressive  exhibits  were 
from  Rutland  County,  Vermont,  which  is  the  great  centre  of  the  mar- 
ble-industry of  the  United  States.  The  display  of  white  marbles  made 
by  the  West  Rutland  Marble  Company,  the  Messrs.  Ripley,  Sheldon, 
&  Slosson,  the  Sutherland  Falls  Marble  Company,  the  Burlington 
Manufacturing  Company,  etc.,  was  really  magnificent,  and  such  as  not 
only  illustrated  the  excellence  and  variety  of  the  material  produced, 
but  also  the  enterprise  and  public  spirit  of  the  exhibitors.  The  ex- 
hibits of  colored  marbles  made  by  the  Columbia  Marble  Company, 
of  Vermont,  and  the  East  Tennessee  and  Knoxville  Marble  Com- 
panies, were  equally  creditable,  and  massive  blocks,  and  wrought 
marble  in  various  forms,  the  product  of  their  quarries  and  workman- 
ship, attracted  much  attention  among  the  visitors  to  the  Exhibition  ; 
while  the  smaller  but  much  more  varied  exhibit  of  colored  marbles 
from  Lake  Champlain  and  Maryland  were  a  surprise  and  a  revelation 
to  most,  as  few  had  any  idea  that  such  beautiful  ornamental  stones 
existed  on  this  continent  Some  of  the  exhibits  thus  generally  re- 
ferred to  deserve  more  detailed  description,  and  notes  are  given  upon 
them  below. 

White  Marbles. — All  the  American  white  marbles  shown  in  the 
Exhibition  were  sent  from  Rutland  County,  Vermont.  Here  they 
are  found  in  belts  or  layers  of  different  thickness,  which  form  part  of 
the  Eolian  limestone  series,  lately  proved  to  be  of  Lower  Silurian  age, 
and  the  equivalent  of  the  Trenton  group  of  New  York.  The  whole 
Eolian  series  is  more  than  two  thousand  feet  in  thickness,  but  the 
greater  part  of  it  consists  of  coarse  gray  silicious  limestones  of  no 
value  as  building-material.  With  these  there  are  interstratified  beds 
of  pure  white,  clouded,  dove-colored,  and  gray-mottled  marbles 
which  are  quarried  at  West  Rutland,  Rutland  Centre,  Sutherland 
Falls,  Pittsford,  Brandon,  and  Middlebury;  the  marble  quarries  of 
Dorset,  Manchester,  and  Danby  are  located  farther  south  in  the  same 
general  belt.  The  marble  layers  are  generally  inclined  at  a  high 
angle,  in  some  places  standing  nearly  vertical,  and  varying  in  thick- 
ness from  sixty  feet  at  West  Rutland  to  four  hundred  and  fifty  at 
Pittsford.  The  individual  layers  are  from  three  to  five  feet  in  thick- 
ness, and  differ  much  among  themselves  in  color  and  texture,  the 
varieties  of  marble  which  they  afford  bearing  different  names.  The 
West  Rutland  marble  is  the  most  brilliant  white  in  the  series,  but  is 
somewhat  tender  and  absorbent,  and  hence  is  best  fitted  for  use  in 
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situations  where  it  is  not  exposed  to  the  weather.  From  the  West 
Rutland  quarries  comes  the  only  American  statuary  marble  yet 
known  in  the  markets.  This  forms  a  layer  of  from  three  to  five  feet 
in  thickness,  of  which  the  stone  equals  in  beauty  any  other  marble 
known.  A  fine  display  of  this  variety  was  made  in  the  Exhibition 
by  the  West  Rutland  Marble  Company,  Ripley  &  Son,  Sheldon  & 
Slbsson,  and  Gilson,  Clement,  &  Woodfin.  Some  of  the  marble  ob- 
tained from  the  Goodale  quarry,  at  Brandon,  Vermont,  is  of  statuary 
quality  as  regards  texture  and  color,  but  occurs  in  layers  so  thin  that 
large  blocks  cannot  be  obtained  from  them.  Most  of  the  so-called 
white  marble  of  Vermont  is  more  or  less  mottled  with  green  or 
black,  and  ranks  with  the  "veined  Italian."  Much  of  it  is  very  hand- 
some, as  was  shown  by  the  series  of  slabs  exhibited  by  the  Rutland 
Marble  Company,  and  Ripley  &  Son.  Of  these,  the  first  consisted  of 
eight,  the  other  of  nine,  polished  slabs,  each  two  by  four  feet  surface, 
including  all  the  varieties  taken  from  the  West  Rutland  quarries,  and 
designated  as  No.  i,  No.  2,  Dark  Blue,  Best  No.  3,  Brocadilla, 
Light  No.  3,  Average,  Mottled  Blue,  and  Dark  No.  3.  The  quality 
of  the  marble  was  further  illustrated  by  a  series  of  cubes  one  foot  in 
diameter,  and  another  of  six-inch  cubes,  and  large  blocks,  tiles, 
wrought  marble,  etc.  All  these  varieties  are  extensively  used  for 
furniture,  mantels,  counters,  and  monuments,  constituting  the  basis 
of  the  largest  commerce  and  industry  in  our  domestic  marbles. 

The  marble  of  Sutherland  Falls  made  a  good  display  in  the  exhibit 
of  the  Sutherland  Falls  Marble  Company.  This  is  all  mottled,  but  is 
a  sound,  strong,  and  good  stone,  chiefly  used  for  monumental  pur- 
poses, and  highly  esteemed  throughout  the  country. 

The  Eureka  quarries,  located  between  Rutland  and  Sutherland 
Falls,  also  furnish  some  excellent  light  stock,  and  four  handsome 
blocks  of  clouded  marble  were  shown  in  the  Exhibition  by  the 
Eureka  Marble  Company. 

The  marble  of  the  Pittsford  quarries  was  imperfectly  represented 
by  the  exhibit,  creditable  though  it  was,  of  the  Burlington  Manufac- 
turing Company.  The  marble  deposits  of  this  locality  are  without 
rival  in  the  country  as  regards  magnitude,  and  include  many  varieties 
of  white,  mottled,  and  blue  marble,  few  of  which  have  yet  been 
brought  into  market.  The  larger  blocks  and  slabs  of  the  Pittsford 
marble  were  all  of  the  light  mottled  varieties,  but  smaller  specimens 
were  shown  consisting  of  pure  white,  fine-grained,  statuary  marble, 
coarser  pure  white,  light  blue  or  "  dove,"  and  dark  clouded  blue  like 
the  Columbian,  all  apparently  of  excellent  quality.  The  marbles  of 
Pittsford  have  an  excellent  reputation  among  dealers  and  manufac- 
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turers  for  strength  and  soundness,  but  the  best  varieties  found  there 
have  only  been  recently  discovered,  and  are  as  yet  little  known  to  the 
public.  It  is  probable,  however,  that  the  demand  for  marble  in  this 
country  will  in  the  future  be  much  more  largely  supplied  from  this 
source  than  it  has  heretofore  been. 

The  marble  of  Brandon,  Vermont,  has  long  been  in  market,  and 
has  been  justly  esteemed  for  its  fine  grain  and  pure  white  color.  It 
has  been,  however,  most  used  for  tiling  and  other  purposes  where 
slabs  could  be  employed,  as  the  quarries  did  not  furnish  blocks  of 
large  size.  Handsome  clouded  white  marble  is,  however,  obtainable 
in  Brandon  in  larger  masses,  and  a  block  about  two  feet  cube, 
polished  and  sculptured,  was  exhibited  in  the  Government  Building 
by  the  Richmond  Marble  Company,  which  rivaled  in  color  and  grain 
any  of  the  mottled  white  marble  in  the  Exhibition. 

White  marble  of  remarkably  fine  quality,  as  regards  color  and 
texture,  is  found  in  several  localities  north  of  Brandon,  as  at  Shel- 
burne,  Middlebury,  etc. ;  but  most  of  this  is  unsound,  and  the  quar- 
ries which  have  been  opened  in  this  region  have  up  to  the  present 
time  not  been  successful.  The  marble  here  is  more  crystalline  and 
translucent  than  that  of  Rutland  County,  and  some  of  it  resembles, 
while  it  fully  equals,  the  famous  Greek  Pentelic  marble. 

Passing  southward  from  Rutland,  valuable  deposits  of  light  marbles 
are  found  at  Danby,  Dorset,  and  Manchester,  each  of  these  localities 
having  furnished  considerable  marble  to  the  markets  of  the  country. 
It  is  noticeable,  however,  that  the  marble  becomes  coarser  in  going 
southward  from  the  present  centres  of  production,  and  no  really  first- 
class  stone  is  found  south  of  the  Vermont  line. 

The  Dorset  marble  was  represented  in  the  Exhibition  by  a  credit- 
able display  made  by  Samuel  F.  Prince,  of  East  Dorset.  This  con- 
sisted of  two  slabs  of  clouded  marble,  two  by  four  feet,  and  two 
polished  cubes,  about  one  foot  in  diameter.  This  marble  is  appar- 
ently strong  and  sound,  of  good  grain,  but  is  somewhat  dull  in  color. 

The  quarries  of  Manchester  supplied  the  marble  for  the  fine  block 
erected  by  Drexel  &  Morgan,  at  the  corner  of  Wall  and  Broad  Streets, 
New  York  City.  The  only  specimens  of  it  seen  in  the  Exhibition  were 
some  included  in  the  collective  exhibit  of  Messrs.  Struthers  &  Sons. 
This  marble  is  intermediate  in  character,  as  it  is  in  geographical  posi- 
tion, between  the  Massachusetts  and  the  Rutland  County  varieties.  It 
is  rather  coarse-grained,  and  better  adapted  to  constructive  than 
ornamental  work,  but  makes  handsome  monuments.  In  color  it  is 
white,  streaked  or  clouded  with  black  or  gray. 

Architectural  Marbles. — The  marbles  referred  to  in  the  pre- 
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ceding  paragraphs  are  such  as  are  chiefly  used  for  statuary,  furniture, 
interior  decoration,  and  monumental  purposes.  It  is  true  that  some 
of  them  are  frequently  and  advantageously  employed  for  construction, 
and  the  marbles  of  Pittsford,  Dorset,  and  Manchester  have  supplied 
the  material  from  which  some  of  the  most  beautiful  blocks  of  buildings 
in  the  country  have  been  constructed ;  still,  they  are  mostly  used  for 
other  purposes.  There  is  also  another  group  of  white,  gray,  or  mot- 
tled and  banded  light  marbles,  which  are  of  coarser  grain,  and,  while 
unfitted  for  the  finer  uses  specified,  are  admirably  adapted  to  the  con- 
struction of  buildings,  and  are  so  much  more  frequently  employed  for 
this  purpose  than  any  other  marbles  that  they  may  with  propriety  be 
classed  as  architectural  marbles.  In  this  category  come  the  coarse- 
grained white  marbles  of  Berkshire,  Massachusetts,  Canaan,  Connec- 
ticut, and  the  still  more  coarsely  crystalline  dolomites  which  form  so 
conspicuous  an  element  in  the  Eozoic  belt  of  rocks  which  underlie  the 
surface  east  of  the  Hudson  and  north  of  the  city  of  New  York.  These 
re-appear  in  the  Alleghany  belt,  and  are  represented  in  Maryland  by 
the  white  marble  quarried  at  Ellicott's  Mills  and  elsewhere. 

The  principal  quarries  which  have  supplied  the  architectural 
marbles  are : 

1.  Lee^  Massachusetts, — The  marble  from  this  locality  has  been,  per- 
haps, more  largely  used  in  the  construction  of  public  buildings  than 
any  other  in  the  United  States,  as  the  material  for  the  extension  of  the 
Capitol  at  Washington  and  for  the  new  City  Hall  of  Philadelphia,  as 
well  as  that  for  many  smaller  structures,  was  derived  from  this  source. 
The  Lee  marble  is  for  the  most  part  of  a  uniform  though  not  brilliant 
white  color,  is  coarser  grained  than  the  Vermont  marbles,  and  yet  finer 
than  those  of  New  York.  It  is  a  strong  and  durable  stone,  but  con- 
tains a  little  iron,  by  the  oxidation  of  which  it  becomes  somewhat 
brown  on  exposure.  It  is  doubtful  whether  its  strength  and  durability 
are  materially  impaired  by  this,  and  the  change  of  color  which  it  pro- 
duces is  by  some  architects  regarded  as  an  excellence  rather  than  a 
defect. 

2.  Stockbridge,  Massachusetts, — This  marble  was  exhibited  by  Mr. 
Struthers,  of  Philadelphia.  It  is  similar  in  character  to  that  from  Lee, 
— namely,  is,  for  marble,  coarse-grained,  resembling  coarse  loaf-sugar. 
It  is  mostly  white,  but  banded  with  dark  stripes  along  the  lines  of 
deposition.  There  are  many  other  quarries  in  Berkshire  County 
which  have  produced  a  large  quantity  of  marble  through  many  years, 
but  which  had  no  representation  in  the  Exhibition, — as  at  North 
Adams,  Great  Barrington,  New  Ashfield,  Lanesboro*,  Sheffield,  etc. 
The  old  Capitol  at  Albany  was  constructed  from  the  Lanesboro' 
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marble;  most  of  the  stone  used  in  building  the  City  Hall  of  New 
York  and  a  part  of  that  in  the  State  House  in  Boston  was  from 
Stockbridge;  while  the  marble  for  the  columns  of  Girard  College,  in 
Philadelphia,  was  obtained  in  Sheffield,  The  marbles  of  Stockbridge 
and  Lee  apparently  lie  in  the  same  belt  with  those  of  Manchester, 
Dorset,  Danby,  and  Rutland,  and  belong  to  the  Eolian  limestone 
series.  Those  which  follow  are  older,  containing  much  more  mag- 
nesia, and  probably  representing  the  dolomites  of  the  Laurentian  of 
Canada. 

3.  Canaan,  Connecticut, — This  is  the  marble  used  in  the  construc- 
tion of  the  new  State  House  at  Hartford.  It  varies  somewhat  in  color 
and  texture,  some  of  it  being  very  white  and  of  fine  grain,  and  well 
adapted  to  monumental  purposes;  the  greater  part,  however,  is  bluish- 
white  or  mottled.  This  is  harder  to  work,  more  durable,  and  best 
suited  for  building. 

4.  Tuckahoe^  New  York, — The  quarries  which  furnish  the  Tuckahoe 
marble  are  located  on  one  of  the  several  belts  of  crystalline  dolomite 
which  traverse,  with  a  north-northeast  and  south-southwest  bearing,  the 
country  north  of  the  city  of  New  York.  Of  these,  one  reaches  New 
York  Island,  crossing  Harlem  River  at  King's  Bridge;  another  out- 
crops on  the  Sound  near  New  Rochelle;  others  still  strike  the  Hudson 
above  New  York,  at  Hastings,  Dobb*s  Ferry,  Sing  Sing,  etc.  Several 
of  these  furnish  good  marble  for  building-stone, — gray,  blue,  or  white, 
— but  none  that  is  fine  for  decorative  purposes.  The  best  marbles 
yet  obtained  from  this  series  of  deposits  are  those  of  Tuckahoe  and 
Pleasantville. 

The  Tuckahoe  marble  is  pure  white  in  color,  and  much  coarser  in 
texture  than  any  of  those  hitherto  noticed.  It  is  somewhat  irregular 
in  quality,  but  the  better  grades  are  highly  esteemed  for  architectural 
purposes,  and  have  been  used  in  some  of  the  finest  buildings  in  the 
city  of  New  York.  The  stone  for  the  residence  of  Mr.  A.  T.  Stewart, 
at  the  corner  of  Thirty-fourth  Street  and  Fifth  Avenue,  as  well  as  a 
portion  of  that  which  has  been  used  in  the  Cathedral,  came  from 
these  quarries.  By  exposure  in  the  impure  atmosphere  of  the  city, 
its  color  changes  to  a  light  gray.  This  is  apparently  due  to  coarse- 
ness of  texture,  which  gives  a  roughness  to  the  surface,  and  causes 
the  smoke  and  dust  to  adhere  to  it  more  closely  than  they  would  to 
a  finer  stone. 

5.  Snowflake  Marble,  Pleasantville ,  New  York, — The  dolomite  belt 
in  which  the  Pleasantyille  marble  quarries  are  situated  is  one  of  the 
broadest  known,  being  more  than  half  a  mile  in  width.  It  consists 
chiefly  of  beds  of  impure  dolomite  white  or  banded,  which  contain 
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too  much  silicious  matter  to  be  available  for  building  or  ornamental 
purposes,  with  some  layers,  often  of  considerable  thickness,  of  pure 
white  marble,  in  part  similar  to  that  of  Tuckahoe,  and  partly  still 
more  coarsely  crystallized.  These  beds  are  piore  or  less  interstratified 
with  layers  of  granite  and  gneiss,  the  whole  series  standing  nearly  on 
edge.  Among  the  marble  layers  in  this  locality,  the  most  conspicuous 
and  valuable  is  that  which  is  worked  by  the  Pleasantville  Land  Com- 
pany, and  which  furnishes  the  "Snowflake  Marble."  This  belt  is 
about  four  hundred  feet  wide,  standing  vertical,  and  consists  through- 
out of  pure  white  dolomite,  almost  without  cloud  or  stain,  and  with 
no  foreign  matter.  This  stone  has  been  subjected  to  a  series  of  tests 
by  General  Q.  A.  Gilmore,  U.  S.  A.,  and  has  been  shown  to  offer  a 
resistance  to  crushing  force  of  from  18,000  to  24,000  pounds  to  the 
square  inch, — at  strength  not  equaled  by  any  other  marble  or  lime- 
stone yet  experimented  upon.  The  Snowflake  marble  has  been  quite 
extensively  used  in  the  city  of  New  York.  It  supplied  most  of  the 
material  for  St^  Patrick's  Cathedral,  and  for  the  bank  building  at  the 
intersection  of  Sixth  Avenue  and  Broadway. 

Colored  Marbles. — The  so-called  white  marbles  have  in  all 
countries  been  much  more  largely  used  than  those  that  are  mottled, 
or  of  deeper  and  brighter  colors,  since  they  are  better  adapted  to 
monumental  and  architectural  purposes,  for  which  the  chief  demand 
for  marble  comes.  The  more  purely  decorative  marbles  are  also 
more  strictly  articles  of  luxury,  as  they  have  been  chiefly  employed 
for  the  decoration  of  the  temples  and  palaces  of  the  Old  World, 
and  the  dwellings  of  the  rich.  Hence,  in  the  earlier  history  of  our 
country,  before  the  population  had  accumulated  wealthy  and  while 
yet  great  simplicity  of  manners  prevailed,  there  was  almost  no 
demand  for  material  of  this  kind.  In  later  times,  however,  since 
the  population  of  the  United  States  has  come  to  equal  that  of  the 
great  nationalities  of  Europe,  and  there  has  been  a  proportionate 
increase  in  the  number  of  wealthy  men,  decorative  art  in  all  its 
departments  has  attracted  more  attention,  and  there  has  been  a 
constantly-growing  demand  for  pictures,  statuary,  and  many  other 
things  which  are  the  indices  of  a  cultivated  taste,  at  the  same  time 
that  they  are  the  fruit  and  expression  of  a  luxurious  civilization. 
Among  other  beautiful  things  the  purely  ornamental  stones  have 
come  into  quite  general  use,  and  the  richly-colored  marbles  have  in 
various  forms  been  introduced  into  our  public  and  private  buildings 
to  such  a  degree  that  they  have  come  to  be  the  basis  of  a  very  im- 
portant commerce  and  industry.  Very  naturally  the  market  has 
hitherto  been  mainly  supplied  from  the  quarries  and  factories  of  the 
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Old  World,  where  during  three  thousand  years  the  use  of  purely 
ornamental  stones  has  been  large  and  continuous,  and  the  search  for 
them  so  wide-spread  and  incessant  that  the  resources  in  this  line  of 
the  whole  Eastern  continent  have  come  to  be  pretty  well  known.  At 
the  same  time  the  art  of  working  and  combining  these  materials  has 
grown  to  be  an  almost  distinct  and  independent  avocation,  and  skilled 
labor,  in  this  as  in  other  industries,  has  been  not  only  attainable  every- 
where, but  so  cheap  as  to  defy  competition.  All  these  influences  have 
given  the  European  colored  marbles  the  possession  of  our  markets, 
and  It  is  only  quite  recently  that  any  attention  has  been  directed  to 
our  own  deposits  of  this  kind.  Twenty  years  ago  no  valuable  Amer- 
ican colored  marbles  were  known ;  but  since  that  time,  and  mainly 
within  the  last  ten  years,  they  have  been  sought  and  found  in  several 
States  of  the  Union.  In  two  or  three  localities  they  have  been  quite 
largely  quarried,  and  a  few  varieties  of  colored  marbles  produced  on 
this  continent  are  now  recognized  and  even  staple  articles  among 
marble-dealers  and  manufacturers.  The  subject  is,  however,  still  a 
new  one  among  us,  and  we  hardly  know  what  our  resources  of  this 
kind  are.  Yet  enough  has  been  learned  to  authorize  the  statement 
that  the  United  States  is  as  well  furnished  with  beautiful  colored  mar- 
bles as  any  other  country  in  the  world ;  and  that  the  time  is  not  far 
distant  when  the  demand  for  such  ornamental  stones  will  be  chiefly 
supplied  from  our  own  quarries.  That  the  most  beautiful  foreign 
marbles  will  continue  to  be  largely  imported  is  altogether  probable,  as 
their  precise  counterparts  will  certainly  not  be  found  in  this  country ; 
and  for  certain  purposes,  and  to  gratify  certain  tastes,  they  will  continue 
to  be  preferred  and  used. 

The  display  of  American  colored  marbles  at  the  Exhibition  was, 
however,  to  all  whose  attention  was  drawn  to  the  subject,  a  revelation ; 
and,  while  many  beautiful  marbles  doubtless  yet  remain  to  be  dis- 
covered among  the  varied  mineral  resources  of  our  country,  and  of 
those  already  known  the  actual  character  and  practical  value  of  but 
few  have  been  determined,  it  is  certain  that  we  have  abundant  supplies 
of  black,  gray,  and  mottled  marbles,  which  at  least  promise  to  rival 
in  variety,  beauty,  and  excellence  the  most  highly-esteemed  colored 
marbles  of  the  Old  World. 

FOREIGN  COLORED  MARBLES. 

Before  describing  the  American  colored   marbles  shown  in  the 

Exhibition,  it  will  perhaps  be  better  to  refer  briefly  to  those  from 

foreign  countries,  which  were  either  sent  directly  from  those  countries 

xo 
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or  formed  part  of  the  exhibits  of  our  own  marble-dealers  or  manu- 
facturers. 

The  colored  marbles  forwarded  by  Belgium,  Portugal,  Spain,  and 
Italy  have  already  been  referred  to,  but  by  far  the  fullest  display  of 
foreign  marbles  was  made  by  American  importers.  Of  these,  the 
most  complete  series  was  shown  by  Messrs.  A.  L.  Fauchere  &  Co., 
of  New  York ;  but  interesting  specimens  were  also  shown  by  Fisher 
&  Bird,  of  New  York,  Struthers  &  Sons,  of  Philadelphia,  and  others. 
Some  forty  varieties  of  European  colored  marbles  were  contained  in 
the  series  shown  by  Fauchere  &  Co.,  and  as  these  represent  all  the 
best-known  varieties  of  imported  marbles,  they  will  be  briefly  noticed 
in  order. 

1.  Formosa. — This  is  a  beautiful  stone,  of  which  there  are  two 
varieties,  the  first  dark  red  and  greenish-brown  mottled,  the  second 
light  brown,  veined  with  white  and  yellow;  from  Germany. 

2.  BouGARD. — Of  this  also  there  are  two  kinds,  one  clouded  with 
large  but  irregular  figures  of  reddish-gray,  red  and  white,  traversed 
by  veins  of  yellow.;  all  the  tints  obscure.  The  other  is  more  dis- 
tinctly striped,  the  colors  red,  gray,  yellow,  and  white,  resembling  the 
Egyptian  alabaster.;  both  very  handsome ;  from  Germany. 

3.  St.  Remi. — The  color  of  this  marble  is  dark  red,  veined  and 
spotted  with  white.  The  tint  is  subdued  and  a  little  sombre ;  from 
Belgium. 

4.  Light  Royale. — Of  this  the  color  is  pinkish-red  mottled  with 
white  and  dove;  very  delicate  and  handsome;  from  Belgium. 

5.  Sarrancolin. — ^This  is  one  of  the  best-known  and  most  admired 
of  the  foreign  colored  marbles.  Its  colors  are  green,  red,  white,  brown, 
and  orange,  in  subangular  patches,  or  it  is  mottled  and  veined  in  the 
same  colors.  It  is  the  type  of  a  group  of  mottled  and  brecciated 
marbles  much  esteemed  for  library  and  dining-room  mantels,  and  for 
various  kinds  of  interior  decoration,  where  it  is  used  in  combination 
with  other  marbles  of  contrasting  color.  It  comes  from  the  Pyrenees, 
and,  like  many  other  colored  marbles,  is  exported  from  Marseilles. 

6.  Campan. — The  prevailing  color  of  this  stone  is  a  pale  yellowish- 
green,  mottled  with  white  in  a  figure  like  "mackerel  clouds,"  and 
more  or  less  traversed  by  veins  of  white.  It  is  a  well-known  and 
much-admired  marble.  A  dark-green  variety,  containing  much  red,  is 
called  the  Campan  Rouge;  from  the  Pyrenees,  France. 

7.  Rose  des  Pyrenees. — This  marble  is  finely  mottled,  pale  and 
dark  rose  red,  flecked  and  veined  with  white.  A  variety' of  this, 
called  the  Viel  Brun,  is  brecciated  and  mottled  pale  red,  white,  and 
dark  brownish-red.     Of  this  the  tint  is  rather  sombre;  from  Spain. 
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8.  Rouge  Jaspe. — ^This  is  light  red,  yellow,  and  white,  and  is 
blotched  but  not  brecciated.  A  lighter  variety  is  called  the  Rose  du 
Var,  This  is  pale  yellowish-white,  divided  into  subangular  areoles 
by  pale-red  veins ;  from  the  Pyrenees. 

9.  Vert  Maurin. — ^This  is  a  dark-green  mottled  marble,  veined 
with  light  green  and  white;  the  figure  is  small,  the  color  brilliant;  it 
takes  a  fine  polish,  and  is  the  handsomest  and  most  esteemed  dark- 
green  marble ;  from  Grenoble,  France. 

10.  EcHAiLLON. — One  of  the  Mont  Cenis  marbles,  of  which  there 
are  some  half-dozen  varieties,  all  fossiliferous  limestones,  varying  in 
color  from  nearly  white,  through  pale  red  and  gray  to  black.  This 
one  is  a  very  light  cream  color,  somewhat  variegated  by  inclosed 
shells.  It  is  very  delicate  in  tint,  and  handsome,  but  peculiar,  and 
only  adapted  to  special  uses ;  from  Grenoble,  France. 

1 1.  Breche  Herculaneum. — ^A  handsome  brecciated  marble,  varie- 
gated with  dark  and  light  brown,  yellowish-red,  and  snow-white,  in 
angular  patches ;  from  Belgium. 

12.  Breche  ViOLETTE. — ^This  is  like  the  last  in  general  character, 
but  lighter,  being  brecciated  with  pinkish-white  patches,  divided  by 
purple  veins ;  from  the  Pyrenees. 

13.  Griotte  des  Pyrenees. — A  dark-red  mottled  marble  with  small 
white  spots,  somewhat  resembling,  but  less  handsome  than  the  next ; 
from  the  Pyrenees. 

14.  Griotte  de  Caune. — ^This  is  the  well-known  French  Griotte, 
Its  prevailing  color  is  dark  red,  but  this  is  relieved  by  streaks  of  dark 
brown,  spots  of  light  red,  and  veins  of  white.  It  is  a  very  beautiful 
marble,  takes  a  good  polish,  and  is  among  the  most  esteemed  of  all 
foreign  colored  marbles.  It  is  quarried  near  Caune,  in  Southern 
France,  and  shipped  from  Marseilles,  like  the  Campan  and  Sarran- 
colin.  It  formed  the  material  of  a  very  beautiful  mantel  exhibited  by 
Fauchere  &  Co.  This  will  be  remembered  by  visitors  as  the  dark  red 
one  at  the  bottom  of  the  alcove,  and  that  which  ran  up  to  form  a 
frame  for  the  mantel  mirror. 

15.  Griotte  Panache. — ^A  variety  of  the  last,  and  comes  from  the 
same  quarries.     It  is  dark  red,  streaked  with  white. 

16.  Breche  Imperial. — ^This  is  another  of  the  "calico"  marbles, 
resembling  those  before  described,  but  more  pronounced ;  its  color 
consists  of  large  reddish-yellow,  angular  blotches,  separated  by  red- 
dish granular  spaces,  the  effect  being  patchy  and  staring ;  from  the 
Pyrenees. 

17.  LuMACHELLE. — In  many  localities  in  the  world  limestones  are 
found  which  contain  fossil  shells  that  still  retain  some  of  their  nacre. 
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These,  which  are  usually  fragmentary,  reflect  from  the  polished  sur 
face  of  the  stone  the  colors  of  the  rainbow.  In  the  finest  varieties 
the  marble  seems  to  be  set  with  opals,  and  constitutes  a  peculiarly 
beautiful  stone,  especially  adapted  for  inlaid-work,  and  other  kinds  of 
elaborate  ornamentation.  The  Lumachelle  under  consideration  is  a 
stone  well  known  to  American  marble-workers.  Its  general  color  is 
dark  brown,  and  its  contained  shells  are  usually  angular  fragments. 
It  is  said  to  be  brought  from  the  Pyrenees. 

18.  St.  Baume. — ^This  stone  is  pale  yellow  veined  with  red,  and  one 
of  the  most  beautiful  of  all  the  colored  marbles.  It  is  in  common  use, 
and  is  universally  admired ;  from  the  south  of  France. 

19.  IsABELLE. — A  dark  reddish-brown  mottled  marble,  of  which 
the  general  aspect  is  purplish-red,  but  the  tint  is  sombre  and  obscure, 
and  the  stone  is  generally  unsound ;  from  the  Pyrenees. 

20.  Brocatelle. — This  is  a  very  handsome  marble,  of  which  the 
color  is  pink,  blotched  with  light  yellow,  and  streaked  with  pale  yel- 
lowish-green, and  with  lines  or  blotches  of  crystallized  calc-spar.  The 
term  Brocatelle  signifies  a  coarse  kind  of  brocade  used  for  tapestry ; 
and  this  name,  slightly  modified,  is  used  in  France,  Italy,  and  Spain 
to  indicate  a  mottled  marble  in  which  the  figure  is  small,  and  the  gen- 
eral complexion  similar  to  that  of  some  woven  fabrics ;  from  Southern 
France. 

21.  Rouge  Antique,  or  Rosa  Antiqua. — This  also  is  a  mere  variety 
of  Griotte.  It  is  characterized  by  the  prevalence  of  roundish  spots  of 
bright  red  upon  a  dark-red  background;  these  light  spots  are  produced 
by  spiral  shells ;  from  Southern  France. 

22.  St.  Ann. — This  marble  is  dark  gray  mottled  with  white ;  the 
general  tone  is  sombre ;  from  Belgium. 

23.  Bardiglio. — This  is  the  gray  marble  so  much  used  for  counters, 
soda-fountains,  etc.  Its  color  is  produced  by  a  mingling  of  grayish- 
white  with  streaks  and  clouds  of  black.  It  is  a  very  sound  and  homo- 
geneous stone,  takes  an  excellent  polish,  and  is  a  great  favorite  with 
marble-workers.  The  Bleu  Turquin  is  a  variety  of  Bardiglio,  dove- 
colored,  streaked  with  white ;  from  Italy. 

24.  Lisbon. — This  was  one  of  the  first  colored  marbles  imported  into 
this  country,  and  has  been,  perhaps,  as  extensively  used  as  any  other. 
Its  prevailing  color  is  pale  red,  traversed  by  thin  dark  veins,  which 
inclose  rounded  spaces,  giving  it  a  coarsely  mottled  appearance.  As 
in  nearly  all  the  veined  marbles,  the  veins  in  the  Lisbon  are  lines  of 
weakness,  and  take  an  imperfect  polish.  It  is,  on  the  whole,  how- 
ever, a  marble  which  deserves  the  good  reputation  it  enjoys ;  from 
Portugal. 
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25.  Levanto. — ^This  is  a  marble  but  little  used  in  this  country.  It 
is  mottled  and  brecciated  with  patches  of  dark  green,  dark  red,  and 
white  ;  complexion  rather  sombre ;  from  Italy. 

26.  Sienna. — Reference  has  already  been  made  to  the  Sienna 
marble  in  the  preliminary  review  of  the  building  and  ornamental 
stones  of  foreign  countries.  It  is  one  of  the  best-known  of  the 
imported  colored  marbles,  and  is  very  much  liked  both  by  manufac- 
turers and  the  public.  Its  prevailing  color  is  light  yellow ;  this  is, 
however,  variegated  by  thin  tortuous  veins,  which  are  somewhat 
darker.  The  stone  receives  a  fine  polish,  and  is  unusually  sound 
and  strong  for  a  veined  marble.  Some  of  the  specimens  of  Sienna 
marble  shown  in  the  Italian  department  were  of  nearly  uniform 
color,  and  closely  resembled  the  Giallo  Antico  of  the  Romans ;  from 
Italy. 

27.  Black  and  Gold. — This  is  the  dark-veined  marble  so  much  in 
fashion  a  few  years  since  for  mantels.  For  this  purpose  it  has  pretty 
much  gone  out  of  use,  but  is  coming  again  into  demand  for  various 
ornamental  purposes.  It  is  a  marble  of  excellent  quality,  and  its  dark 
background  veined  with  yellow  makes  it  a  very  striking  and  handsome 
stone.  It  is  now  difficult  to  get,  and  the  market  is  chiefly  supplied 
from  the  old  mantels ;  from  Genoa,  Italy. 

28.  Belgian  Black. — ^This  is  the  most  beautiful  and  highly  es 
teemed  of  all  the  modern  black  marbles.  It  comes  from  Golzine, 
Belgium.  It  is  very  homogeneous,  hard,  and  brittle ;  hence  it  is 
difficult  to  work,  but  it  takes  a  polish  like  an  onyx.  The  black  mar- 
ble of  Dinant,  Belgium,  was  also  shown  in  the  Belgian  department, 
but  is  much  less  uniform  in  quality. 

29.  Victoria. — ^A  moderately  handsome  marble,  of  which  the  pre- 
vailing color  is  light  red.  When  carefully  examined,  this  is  seen  to 
be  produced  by  cloudy  rolls  of  white  and  light  and  dark  red.  It  is 
quarried  near  Cork,  Ireland. 

30.  Vert  d'Egvpt. — A  green  or  purplish  brecciated  marble,  com- 
posed of  pebbles  of  various  kinds  cemented  with  lime.  This  is  prob- 
ably identical  with  the  famous  Breccia  di  Verde,  so  much  used  by  the 
ancient  Egyptians,  Greeks,  and  Romans ;  from  Egypt. 

31.  Genoa  Green. — ^A  dark-  and  rather  dull-green  marble,  of 
which  the  color  is  given  by  small  dark-green  spaces,  separated  by 
lighter  green  veins.  It  takes  a  moderately  good  polish,  but  lacks 
homogeneousness,  and  is  much  less  admired  than  the  Alps  Green  or 
Vert  Maurin, 

32.  Grande  Antique. — This  is  a  dark-blue,  nearly  black,  marble, 
with  thin  white  veins  in  the  lines  of  bedding;  from  Belgium. 
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The  large  and  varied  exhibit  of  colored  marbles  contained  in  the 
Spanish  and  Portuguese  departments  of  the  Exhibition  have  already 
been  briefly  referred  to.  From  the  number  and  beauty  of  the  speci- 
mens contained  in  these  collections,  they  deserve  more  detailed 
descriptions  than  have  yet  been  given  them ;  but,  unfortunately,  we 
lack  information  in  regard  to  the  exact  localities  where  these  marbles 
are  produced,  the  nature  and  extent  of  the  deposits,  the  magnitude 
of  the  industries  and  commerce  based  upon  them,  and  the  relative 
value  of  the  different  varieties  as  tested  by  actual  trial.  Hence  any 
notes  that  can  now  be  given  upon  them  must  necessarily  be  brief 
and  vague. 

PORTUGUESE  MARBLES. 

The  marbles  of  Portugal  have  for  a  long  time  been  an  important 
article  of  export  from  that  country,  and  one  Portuguese  marble,  the 
Lisbon  red,  is  well  known  in  the  markets  of  the  United  States,  and 
has  been  already  mentioned.  The  special  exhibits  of  marble  in  the 
Portuguese  department  were  as  follows : 

I.  Viscount  de  Bessone. 

Thirteen  specimens  of  polished  marble,  dark  and  light,  clouded 
and  veined,  from  near  Cintra.  The  specimens  were  small,  but  the 
marbles  were  handsome  and  apparently  good.  They  are  said  to  be 
extensively  wrought  and  exported. 

2.  Antonio  Moreiro  Rato. 

Sixteen  square  slabs  of  marble  and  breccia,  the  marbles  from 
Cintra,  and  the  breccia  from  Setubal,  also  a  tablet  of  ornamental 
marble-work.     This  was  a  large  exhibit,  and  the  marbles  handsome. 

3.  Bureau  of  Mines,  Lisbon. 

Six  blocks  of  breccia,  and  fifteen  specimens  of  white  and  colored 
marbles ;  the  white  marbles  from  Extremoz,  the  deep  blue  from  Borba. 

4.  The  Extremoz  Marble  Company. 
Six  specimens  of  yellow  and  white  marble  of  fine  quality. 

5.  JoAQUiM  Antonio  dos  Santos. 

Twelve  large  slabs  of  polished  marble  from  Cintra,  Oporto,  and 
Lisbon.  These  marbles  were  very  handsome,  and  formed  a  large 
and  beautiful  exhibit.  They  are  said  to  be  exported  to  the  value  of 
$100,000  per  annum. 
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6.  Germar  Jose  dos  Salles. 

Twelve  large  slabs  of  white  and  colored  marble  from  Lisbon, 
Cintra,  etc.  This  was  a  very  fine  exhibit,  the  marbles  handsome  and 
well  finished. 

SPANISH  MARBLES. 

The  principal  exhibits  of  marble  in  the  Spanish  department  were : 

1.  Ayuntamiento  de  Salas,  Ovicdo, 

A  series  of  handsome  white,  encrinal,  and  green  marbles. 

2.  CoMisiON  Provincial  of  Burgos. 

Twenty  five-inch  cubes  of  colored  marbles,  a  very  beautiful  series. 

3.  Francisco  Dazas,  MacaeL 

Three  blocks  of  marble, — one  pure  white,  but  coarse ;  one  white 
banded ;  and  one  gray. 

4.  Jose  Maria  Nunez,  Cadiz, 
Twenty-four  specimens  of  colored  marbles. 

5.  Ayuntamiento  de  Cabra,  Cordova, 
Ten  specimens  of  polished  colored  marbles. 

The  above  exhibits  embraced  a  large  number  of  beautiful  saniples 
of  marble,  which,  as  they  bore  no  special  names,  it  would  be  im- 
possible to  identify,  and  therefore  useless  to  describe.  The  number 
of  exhibits  of  building  and  ornamental  stones  in  the  Spanish  de- 
partment was  seventy-two.  They  consisted  chiefly  of  marbles,  but 
also  included  alabasters,  serpentines,  granites,  and  various  other 
stones,  all  of  which  served  to  illustrate  the  richness  of  the  country 
in  materials  of  this  kind,  and  the  thoroughness  with  which  their 
qualities  had  been  investigated. 

It  will,  perhaps,  surprise  the  readers  of  this  report  to  learn  that 
after  the  exhibit  of  Canada,  the  collections  of  building  and  orna- 
mental stones  in  the  departments  of  Spain  and  Portugal  were  the 
most  systematic  and  complete  of  any  in  the  Exhibition.  In  Portn- 
gal,  the  Board  of  Public  Works  of  each  of  the  Provinces  seems  to 
have  made  an  exhaustive  examination  of  all  its  resources  in  the  way 
of  materials  for  construction,  and  these  were  represented  by  complete 
suites  of  the  stones  which  had  proved  to  be  of  value,  in  blocks 
of  uniform  size  and  similarly  dressed.    The  provincial  commissions 
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of  Spain  had  also  taken  pains  to  send  full  suites  of  their  building- 
materials.  Doubtless  in  other  countries  of  Europe  similar  investiga- 
tions and  collections  have  been  made,  but  they  had  no  representation 
in  the  Exhibition. 

The  above  list  comprises  nearly  all  the  colored  marbles  that  are 
brought  to  this  country  from  abroad,  and  the  best-known  varieties 
that  are  to  be  found  in  the  present  markets  of  Europe.  A  very 
much  larger  number  of  marbles  was,  however,  contained  in  the 
Roman  collection,  to  which  reference  has  already  been  made.  This, 
the  result  of  many  years  of  effort  on  the  part  of  Sr.  Raffael  Jacobini, 
of  Rome,  includes  among  its  hundred  specimens  probably  nearly  all 
the  marbles  that  were  in  use  among  the  Phoenicians,  Etruscans,  Ro- 
mans, Greeks,  and  Egyptians;  for  in  ancient  as  in  modern  times,  the 
older  edifices  were  despoiled  for  the  adornment  of  the  new ;  and  some 
of  the  most  beautiful  marble  columns  and  pilasters  of  the  Christian 
churches  of  the  present  Holy  City  have  been  made  to  ser\'^e  in  turn 
as  ornaments  to,  first,  Egyptian,  second,  Greek,  and,  third,  Roman 
temples,  before  they  reached  their  final,  or  at  least  their  present, 
resting-places.  No  detailed  description  has  been  given  by  Sr.  Jacobini 
of  the  marbles  in  his  collection.  There  were,  however,  some  famous 
marbles  in  the  collection  which  demand  a  few  words  of  notice.  Of 
these,  the  statuary  marbles  of  Greece  and  Rome  first  claim  attention, 
and  though  the  little  it  is  possible  to  say  of  them  here  might,  perhaps, 
more  properly  have  been  said  in  connection  with  the  remarks  already 
made  on  white  marbles,  still,  as  they  can  be  but  incidentally  alluded  to, 
such  notes  as  can  be  given  upon  them  may  not  inappropriately  find 
a  place  with  those  on  the  colored  marbles,  with  which  they  were  asso- 
ciated at  the  Exhibition. 

ANCIENT  MARBLES. 

Of  the  ancient  white  marbles,  the  most  famous  were  the  Parian 
and  Pentelic  of  Greece.  The  Parian  Marble  was  obtained  from 
the  island  of  Paros,  one  of  the  Cyclades,  and  was,  perhaps,  the  most 
highly  esteemed  of  the  white  marbles  known  to  the  ancients.  It  is 
not  pure  white  in  color,  bu'.  is  rather  of  a  yellowish  tint.  In  grain  it 
is  comparatively  coarse,  but  it  worked  with  great  exactness  and  re- 
ceived the  most  perfect  polish.  This  it  retained  even  after  long  ex- 
posure ;  so  that  the  masterpieces  of  the  sculptor's  art  wrought  from 
it — the  Venus  de  Medici,  etc. — have  come  down  to  us  in  a  state 
of  perfection  that  is  largely  due  to  the  indestructible  nature  of  the 
material  of  which  they  are  composed. 

The  Pentelic  Marble,  which  divided  with  Parian  the  favor  of  the 
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Greek,  is  finer  grained  and  whiter  than  the  latter,  but  it  is  apparently- 
less  durable.  As  its  name  indicates,  it  was  taken  from  the  quarries 
on  Mount  Pentelicus,  in  the  immediate  vicinity  of  Athens. 

CARRAfui  Marble. — With  the  introduction  of  Greek  art  into  Rome 
there  was  naturally  an  importation  of  the  material  in  which  this  art 
was  embodied  in  Greece,  and  the  quantity  of  Greek  marbles  used  in 
Rome,  both  for  statuary  and  construction,  seems  to  have  been  very 
large,  especially  during  the  earlier  centuries  of  the  Empire.  It  was  not 
long,  however,  after  the  Italian  peninsula  had  come  under  Roman 
sway,  before  the  Italian  marbles,  now  so  well  known,  were  discovered 
and  brought  into  use.  Among  these  the  white  marbles  found  on  the 
shore  of  the  Gulf  of  Spezia  early  attracted  attention,  and  in  the  Au- 
gustan age  the  Carrara  marble  had  nearly  supplanted  the  Parian  and 
Pentelic,  and  the  enormous  quantity  of  marbje  consumed  in  the  deco- 
ration of  the  Imperial  City  was  chiefly  supplied  from  this  source.  The 
statuary  marble  of  Carrara  combines  the  good  qualities  of  the  two 
Greek  varieties  which  have  been  mentioned,  though  both  may  be 
found  exactly  imitated  among  specimens  of  it.  On  the  whole,  it  is 
thought  by  sculptors  to  combine  in  a  greater  degree  than  any  other 
known  statuary  marble  all  the  possible  excellences  of  a  material  of 
this  kind. 

Among  the  famous  colored  marbles  contained  in  the  Jacobini  col- 
lection we  may  mention : 

1.  The  Nero  Antico. — This  is  a  jet-black  marble  of  fine  and  homo- 
geneous grain,  and  of  such  closeness  of  texture  that  it  receives  the 
most  brilliant  polish.  Its  color  is  also  apparently  unchangeable, 
doubtless  in  virtue  of  its  hardness,  since  the  softer  black  marbles — 
which  are  in  fact  unmetamorphosed  black  limestones — lose  their 
color  to  a  degree  on  exposure,  by  the  oxidation  of  the  carbon  which 
produces  it,  and  they  frequently  become  quite  gray.  The  antique 
black  marble  is  now  eagerly  sought  as  a  ground  for  mosaics  and  for 
other  purposes,  but  this  demand  is  only  supplied  from  the  ruins,  as 
the  locality  of  the  quarries  which  furnished  it  is  at  present  unknown. 
From  its  resemblance  to  the  Belgian  black,  it  has  been  suggested  that 
it  might  have  been  derived  from  the  same  source;  but  the  comparative 
abundance  of  the  Nero  Antico  at  Rome,  and  the  magnitude  of  some 
of  the  pieces  which  are  still  extant,  almost  preclude  the  acceptance  of 
the  theory. 

2.  The  Rosso  Antico,  the  ancient  red  marble. — Much  of  this  is 
uniform  in  color,  and  that  a  rather  bright  red ;  in  some  instances,  how- 
ever, it  is  darker,  and  more  or  less  mottled.  This  seems  to  have  been 
used  by  the  Etruscans  before  the  advent  of  the  Romans,  as  beautiful 
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and  highly-wrought  specimens  of  it  were  obtained  by  the  writer  on 
the  sites  of  more  than  one  of  the  Etruscan  cities.  The  place  from 
which  the  Rosso  Antico  was  derived  is  not  certainly  known,  though  a 
recent  writer  claims  to  have  discovered  the  ancient  quarries  near  the 
Bay  of  Scutari,  in  Greece. 

3.  GiALLO  Antico,  the  ancient  yellow  marble. — ^This  was  perhaps 
the  most  admired  of  all  the  beautiful  marbles  used  by  the  luxurious 
Romans.  As  its  name  implies,  its  prevailing  color  is  yellow,  gener- 
ally a  light  tint,  somewhat  similar  to  that  of  the  Sienna  marble,  but 
more  uniform  and  positive.  Other  varieties  are  bright  yellow  or 
orange,  and  it  is  sometimes  variegated  with  dark  lines.  This  marble 
is  very  fine  in  texture,  and  takes  a  beautiful  polish.  The  quarries 
from  which  it  was  obtained  are  not  now  known,  but  it  is  suspected 
that  they  were  situated  in  Africa. 

4.  The  Cipolino. — This  is  a  gray  marble,  much  used  by  the 
Romans,  and  is  the  material  which  composes  the  columns  of  the 
temple  of  Jupiter  Serapis  at  Baiae;  those  which  have  been  perforated 
by  boring  mollusks  to  half  their  height  marking  the  former  submerg- 
ence of  the  site  of  the  temple.  It  is  composed  of  bands  or  irregular 
layers  of  white  marble,  mixed  with  others  of  talcose  or  steatitic 
material. 

5.  The  Pavonazetta,  or  peacock  marble. — Apparently  several 
distinct  varieties  of  marble  are  known  in  Rome  by  this  name.  In  a 
collection  of  antique  marbles  made  by  the  writer  many  years  since 
in  Italy,  one  of  the  most  beautiful,  found  in  the  Forum  at  Rome,  was 
colored  with  white  rounded  spots  on  a  red  ground.  This  was  called 
Pavonazetta  by  the  Italian  sculptors ;  but  another,  and  perhaps  the 
true  Pavonazetta,  is  colored  with  wavy  bands  of  green,  bluish-gray, 
and  white,  which  form  somewhat  rounded  and  highly-colored  figures 
that  bear  an  imperfect  resemblance  to  those  of  the  peacock's  tail.  Of 
this  marble  many  beautiful  examples  are  to  be  seen  in  the  churches 
of  Rome. 

6.  Oriental  Alabaster. — A  stalagmitic  marble,  though  generally, 
but  of  course  incorrectly,  called  an  alabaster.  Its  prevailing  color  is 
a  yellowish-white,  but  it  is  frequently  banded  with  darker  shades  of 
yellow  and  red.  This  seems  to  have  been  a  highly-prized  ornamental 
stone  among  the  ancients,  as  many  specimens  of  it  are  found  in 
Egypt,  Syria,  Greece,  and  Rome.  It  was  the  favorite  material  for 
vases,  urns,  etc.,  and  these  are  found  in  the  oldest  sepulchres,  quite  a 
number  being  contained  in  the  interesting  collections  made  by  Colonel 
di  Cesnola  on  the  island  of  Cyprus,  now  in  the  Museum  of  Arts  at 
New  York  City.     Magnificent  slabs  and  columns  of  this  beautiful 


GENERAL  REPORT  OF  THE  JUDGES  OF  GROUP  /.  155 

Stone  are  to  be  seen  in  the  churches  of  Rome,  especially  in  that  of 
San  Paolo  fuori  le  Mura.  The  quarries  of  the  Oriental  alabaster  are 
in  Egypt.  They  were  for  centuries  lost  sight  of,  but  have  been  lately 
rediscovered,  and  are  now  worked. 


AMERICAN  COLORED  MARBLES. 

As  has  been  mentioned,  the  colored  marbles  of  this  country  have 
only  lately  attracted  attention,  and  few  of  those  which  have  been  dis- 
covered are  as  yet  worked.  Vermont  and  Tennessee  have  indeed 
supplied  nearly  all  the  colored  marbles,  other  than  black,  that  have 
been  taken  from  our  own  quarries. 

Vermont  Colored  Marbles. — In  Vermont  a  jet-black  marble  of 
fairly  good  quality  is  found  at  Shoreham,  and  a  variegated  gray,  not 
unlike  the  foreign  Bardigho,  at  Plymouth.  At  Rutland,  certain  layers 
of  the  Eolian  series  are  of  a  bluish-gray,  banded  with  black,  and  these 
are  quite  largely  worked  at  the  Columbian  quarries.  The  Columbian 
marble  is  of  good  texture,  takes  a  fine  polish,  and  is  highly  esteemed 
among  marble-dealers  and  consumers.  Most  of  the  colored  marbles 
of  Vermont  are,  however,  found  on  the  east  shore  of  Lake  Champlain, 
where  they  are  contained  in  the  basal  portion  of  the  Lower  Silurian 
system.  These  are  quarried  at  Mallett*s  Head,  near  Burlington,  on 
Isle  La  Motte,  and  at  Swanton.  The  Mallett's  Head  marble  is  gen- 
erally known  under  the  name  of  Winooski.  It  is  mottled  red,  white, 
and  brown,  a  hard  stone,  and  somewhat  difficult  to  work,  but  takes  a 
high  polish,  and  is  very  strong  and  durable.  There  is  considerable 
variety  in  the  tint  of  the  Winooski  marble,  produced  by  the  relative 
preponderance  of  the  colors  mentioned,  and  the  size  of  the  figure ; 
some  slabs  being  coarsely  mottled  with  white  and  brown,  others 
chocolate  and  pale  red,  and  others  still  light  red,  specked  and  mottled 
with  white. 

The  display  of  Winooski  marbles  made  by  Hon.  David  Read  at 
the  Centennial  Exhibition  was  very  attractive  and  interesting.  It 
consisted  of  ten  blocks  from  the  Mallett's  Head  quarries,  illustrating 
all  the  different  varieties  found  there,  namely,  i,  mottled  with  white 
in  large  patches  divided  by  veins  and  spots  of  dark  and  light  red. 
Marble  Island ;  2,  light  red,  clouded  with  dark  red  and  brown,  Wake- 
field Hill ;  3,  light  red,  finely  mottled  in  two  shades,  with  specks  of 
white,  Marble  Island ;  4,  chocolate  and  white  mottled  in  large  figure. 
Marble  Hill,  Colchester;  5,  dark  red,  veined  with  white;  6,  pale 
purple,  spotted  with  chocolate  and  white  ;  7,  pale  pink,  clouded  with 
red ;  8,  purplish-red,  specked  with  dark  brown ;  9,  pale  pink,  mottled 
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with  veins  and  spots  of  spar ;  10,  pale  purplish-brown,  mottled  with 
elongated  spots  of  white  and  light  red,  bordered  with  chocolate.  The 
last  six  varieties  came  from  Wakefield  Hill. 

Specimens  of  the  Winooski  marble  have  been  taken  to  Italy  by 
Hon.  G.  P.  Marsh,  and  he  reports  that  they  were  much  admired  for 
the  beauty  of  color,  and  the  hardness  and  soundness  of  the  stone ; 
most  of  the  variegated  foreign  marbles  being  deficient  in  the  latter 
quality,  and  requiring  to  have  their  defects  masked  by  cement. 

The  Isle  La  Motte  marbles  are  dark  gray  and  black  ;  the  latter  is 
less  deep  in  color  than  the  Glenn's  Falls  and  Lycoming  black  marbles, 
but  is  harder  and  stronger.  It  is  largely  used  for  tiling,  in  combina- 
tion with  white  marble  or  slate ;  for  this  purpose  it  has  been  in  use 
for  twenty-five  years,  proving  itself  to  be  an  exceedingly  durable  and 
serviceable  stone.  The  "  fine  gray"  and  **  coarse  gray"  are  valuable 
building-stones,  having  been  extensively  used  in  the  construction  of 
the  locks  in  the  Lachine  Canal,  the  piers  of  the  Victoria  bridge,  etc., 
but  they  have  little  beauty  as  marbles.  A  thin  layer  in  the  Fisk  & 
Barney  quarry  is  an  encrinal  limestone,  of  which  the  ground-work 
is  bluish-gray,  and  the  fossils — joints  of  crinoids,  etc. — are  pink  and 
white,  making  a  handsome  marble,  similar  in  general  appearance  to 
the  encrinal  limestone  of  Lockport,  but  brighter  in  color,  harder,  and 
taking  a  better  polish. 

The  Swanton  marbles  are  generally  similar  to  those  of  Mallett's 
Head,  and  are  doubtless  taken  from  the  northward  extension  of  the 
same  belt.  A  very  beautiful  series  of  the  Swanton  and  Isle  La  Motte 
marbles  was  shown  in  the  Exhibition  by  Mr.  George  Barney,  of 
Swanton.  It  consisted  of  a  large  number  of  slabs  and  cubes,  repre- 
senting the  four  varieties  of  Isle  La  Motte  stone  already  mentioned, 
and  five  from  the  Swanton  quarries.  The  latter  included,  first,  the 
Swanton  Dove,  a  pale-blue  or  dove-colored  marble  flecked  and 
grained  with  white ;  second.  Plain  Red,  of  a  uniform  reddish-brown 
color ;  third.  Chocolate  Mottled,  of  which  the  name  gives  a  good 
idea,  since  the  color  consists  of  irregular  spots  and  figures  of  light  or 
dark  reddish-brown;  fourth,  Red  and  White  Lyonnaise,  of  which 
the  prevailing  color  is  a  rich  chocolate-brown,  but  the  surface  is  veined 
and  mottled  with  lesser  areas  of  pure  snow-white,  the  whole  producing 
a  very  bright  and  pleasing  tint,  such  indeed  as  makes  it  one  of  the 
handsomest  colored  marbles  known ;  fifth,  Green  Lyonnaise,  of  which 
the  color  consists  of  relatively  large  patches  of  pale  red  and  white 
separated  by  irregular  bands  of  brownish-green.  This  variety  is  more 
striking  than  any  of  the  series,  and  some  of  the  specimens  are  very 
beautiful,  yet,  by  a  delicate  taste,  the  brown  and  white  Lyonnaise  will 
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be  preferred.  All  the  Swanton  marbles  have  the  excellences  and 
defects  of  those  of  Mallett's  Head, — that  is,  they  are  hard,  and  some- 
what difficult  to  work,  but  take  a  proportionately  fine  polish,  which 
they  retain  longer  than  softer  stones.  The  mistake  is  frequently  made 
of  using  these  mottled,  veined,  and  brecciated  marbles  for  tiling,  but 
this  sort  of  wear  speedily  betrays  the  difference  in  hardness  of  the 
several  parts  and  destroys  their  beauty ;  hence  economy  as  well  as 
good  taste  will  be  consulted  by  using  for  steps,  thresholds,  tiling,  etc., 
the  monochrome  marbles  only. 

Tennessee  Marbles. — East  Tennessee  is  now  the  source  of  supply 
of  two  well-known  colored  marbles.  Of  these,  the  Dougherty  marble, 
usually  known  as  the  "  Tennessee  marble,"  has  been  more  extensively 
used  in  the  United  States  than  any  other  colored  marble.  This  is  a 
metamorphosed  Lower  Silurian  limestone,  found  in  the  Cumberland 
Mountains,  and  quarried  at  Doughertyville  by  E.  D.  Dougherty.  The 
prevailing  tint  of  the  Tennessee  marble  is  chocolate  mottled  with 
pure  white,  and  is  very  pleasing  to  the  eye.  It  is  also  commended 
by  marble-workers  as  being  strong  and  sound,  and  it  takes,  for  a 
variegated  marble,  a  high  and  uniform  polish.  The  excellences  of 
this  marble  were  well  brought  out  by  the  magnificent  display  of  huge 
blocks,  columns,  slabs,  etc.,  made  in  the  Main  Building,  at  the  entrance 
to  the  Mineral  Annex.  There  is  no  doubt  that  this  will  continue  to 
hold  the  high  position  it  has  hitherto  occupied  among  American 
marbles. 

The  Knoxville  Marble  is  quarried  by  the  Knoxville  Marble  Com- 
pany, in  the  vicinity  of  Knoxville,  Tennessee.  This  is  a  highly  crys- 
talline, compact,  and  hard  marble,  which  varies  in  tint  from  brown  to 
pink,  but  is  not  mottled,  the  color  being  distributed  in  sheets  and 
belts,  so  that  blocks  of  considerable  size  can  be  taken  out,  which  are 
of  nearly  a  uniform  shade.  Usually  the  color  is  pinkish-brown, 
traversed  by  lines  of  blue.  It  is  free  from  cracks  and  flaws,  and  takes 
a  very  uniform  and  brilliant  polish. 

New  York  Colored  Marbles. — The  Warwick, — This  is  the  most 
beautiful  colored  marble  yet  worked  in  the  United  States.  Its  pre- 
vailing cojor  is  carmine-red,  mottled  with  darker  and  lighter  shades, 
and  veined  with  white.  It  is  obtained  from  the  town  of  Warwick, 
Orange  County.  But  little  of  it  has  been  taken  out,  and  it  is  said 
that  the  quarry  is  exhausted.  Of  this,  however,  there  is  doubt,  and 
probably  further  investigation  will  result  in  the  discovery  of  a  larger 
quantity  than  is  yet  known.  It  is  to  be  hoped  that  efforts  will  be  made 
to  continue  to  supply  an  article  so  much  coveted  by  our  architects  and 
marble-workers. 
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The  Glenn's  Falls  Black, — This  is  a  very  dark  phase  of  the  Trenton 
limestone,  quarried  at  Glenn's  Falls.  It  has  been  little,  if  at  all, 
metamorphosed,  and  is  simply  a  hard  limestone  Impregnated  with 
carbonaceous  matter,  to  which  it  owes  its  color.  It  is  less  hard  and 
black  than  the  most  esteemed  black  marbles,  but  serves  an  excellent 
purpose  for  tiling,  and  is  sometimes  used  for  mantels  and  other  inte- 
rior decorations.  Like  all  the  black  limestones,  it  will  be  found  to 
lose  its  color  and  become  gray  by  exposure  to  the  weather. 

The  Lockpart. — This  comes  from  the  encrinital  layer  of  the  Niagara 
group,  and  is  a  gray  limestone  thickly  set  with  fossils,  most  of  which 
are  the  joints  of  crinoids.  Some  of  these  are  tinged  with  red,  while 
others  have  a  blue  or  opalescent  shade,  all  of  which  give  an  agree- 
able variety  to  the  color  of  the  stone.  It  is  less  hard  than  the  true 
marbles,  and  as  a  consequence  takes  a  less  brilliant  polish,  and  is 
more  easily  scratched.  When  properly  wrought,  however,  it  is  quite 
handsome,  and  is  considerably  used  for  mantels  and  other  purposes. 

The  Moriah  or  Minerva, — ^This  is  more  correctly  an  ophiolite  or 
verd-antique  marble,  being  composed  of  dolomite  mixed  with  serpen- 
tine. It  is  quarried  at  Thurman,  Warren  County,  and  at  Moriah, 
Minerva,  etc.,  Essex  County,  showing  considerable  variety  of  color 
in  these  different  localities.  Much  of  it  is  uniformly  mottled  with 
small  spots  of  yellowish-white  and  dark  green ;  while  other  specimens 
contain  a  preponderance  of  one  or  the  other  element,  are  darker  or 
lighter,  and  are  mottled  with  larger  or  smaller  spots. 

Marbles  of  Pennsylvania. — Though  among  the  most  richly  en- 
dowed of  all  the  States  with  useful  minerals,  Pennsylvania  is  not  well 
supplied  with  marbles.  A  belt  of  "  white"  marble — white  veined  and 
clouded  with  much  black — passes  through  the  eastern  part  of  the 
State,  and  has  been  considerably  worked  near  Philadelphia,  in  Mont- 
gomery County.  Specimens  of  the  marbles  from  this  region  were 
shown  in  the  Exhibition  by  Messrs.  Struthers  &  Sons,  and  they  have 
been  quite  largely  used  for  building  purposes  and  for  monuments 
in  this  section  of  country ;  yet  but  little  of  this  material  is  suitable 
for  ornamental  purposes,  or  would  come  into  the  category  of  colored 
marbles. 

Ebony  Marble, — The  most  beautiful  American  black  marble  shown 
in  the  Exhibition  was  that  exhibited  by  the  Pennsylvania  Marble 
Company,  and  brought  from  near  Williamsport,  Lycoming  County. 
It  is  a  jet-black  stone,  not  quite  equal  to  the  Belgian  black  in  purity 
of  color  and  hardness,  but  it  is  very  black  and  takes  a  brilliant  polish. 
It  contains  a  few  specks  of  pyrites,  and  here  and  there  a  hair-line 
ring  of  white,  marking  the  section  of  a  fossil ;  but  it  works  with  great 
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exactness,  and  seems  to  be  an  excellent,  as  it  certainly  is  a  handsome, 
stone. 

Maryland  Marbles. — Reference  has  already  been  made  to  the 
beautiful  collection  of  colored  marbles  shown  in  the  Maryland  State 
Building.  As  most  of  them  have  not  yet  been  quarried  to  any  con- 
siderable extent,  or  fairly  tested  in  manufacture,  it  is  impossible  to 
justly  estimate  their  value.  The  specimens  shown  in  the  Exhibition 
were,  however,  such  as  to  encourage  the  belief  that  quite  a  number 
of  the  Maryland  colored  marbles  will  prove  to  have  sufficient  beauty 
and  soundness  to  make  them  an  important  addition  to  the  ornamental 
stones  hitherto  used  in  this  country,  and  we  may  confidently  predict 
that  some  of  them  will  take  rank  with  the  most  highly-esteemed 
marbles  of  the  Old  World.  The  few  notes  taken  at  the  Exhibition 
on  this  collection  of  marbles  will  give  some  idea'  of  their  general 
character.     They  are  as  follows : 

1.  Red  marhte^  from  near  Union  Bridge,  Frederick  County.  This 
is  a  dark  reddish-purple,  clouded  and  handsome. 

2.  Dark  red  marble,  veined  with  white,  from  Avondale,  Carroll 
County.  Of  this,  two  varieties,  light  and  dark,  were  shown,  both  of 
which  are  very  beautiful. 

3.  Calico  marble^  mottled,  dove,  pale  red,  white,  and  green ;  very 
handsome. 

4.  Mossy-veined  marble,  from  near  Union  Bridge,  Frederick  County; 
gray  with  black  tortuous  lines. 

5.  Salmon-colored  marble^  flesh-color,  with  red  and  white  veins; 
handsome. 

6.  Lavender-veined  marble,  from  near  Liberty,  Frederick  County ; 
a  ground  of  neutral  tint,  with  white  veins ;  very  handsome. 

7.  Copper-veifted  marble,  from  near  Liberty;  a  light  flesh-color  with 
green  veins,  possibly  unsound. 

8.  Undulate  marble,  from  Windsor,  Carroll  County ;  clouded,  red 
or  pink,  and  white ;  very  handsome. 

9.  Variegated  marble,  Carroll  County ;  red,  veined  with  white,  veins 
large  ;  handsome ;  a  variety  of  No.  2. 

10.  Ruby  marble,  a  variety  of  Nos.  2  and  9,  but  clouded. 

'  II.  Black  marble^  from  Frederick  County;  very  dark,  but  not  jet- 
black. 

A  few  scattered  exhibits  of  colored  marbles  remain  to  be  noticed. 

In  the  Virginia  State  geological  collection  was  shown  a  slab  of 
mottled  and  veined  rose-red  and  white  marble,  which  came  from 
Madison  Run,  Orange  County,  sent  by  W.  C.  Scott.  This  had  evi- 
dently been  taken  from  near  the  surface,  and  was  unsound.     Probably 
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with  deeper  excavation  more  homogeneous  stone  would  be  procured, 
and  if  so  it  would  be  a  very  beautiful  marble.  It  is  known  that  there 
are  extensive  deposits  of  marble  in  Virginia,  both  white  and  colored, 
but  they  have  not  yet  been  sufficiently  worked  to  fairly  test  their 
quality,  and  no  specimens  of  them  were  shown  in  the  Exhibition. 

In  the  Delaware  State  collection  were  specimens  of  coarse  dolo- 
mitic  marble,  not  unlike  the  Tuckahoe ;  and  also  specimens  of  ser- 
pentine, none  of  which  call  for  special  description. 

In  the  New  Jersey  collection  specimens  of  Rose  crystal  marble 
were  shown,  a  stone  which  has  already  been  introduced  into  market. 
It  is  a  somewhat  coarsely- crystallized  dolomitic  marble,  of  which  the 
colors  are  pale  red  and  yellowish-white,  mingled  in  irregular  spots, 
which  blend  with  each  other  without  definite  outline.  This  ground- 
work is  thickly  specked  with  points  of  black  carbonaceous  matter. 
The  aspect  of  thi3  stone  is  handsome,  and  it  takes  a  good  polish ;  but 
the  coarse  crystallization  gives  it  an  appearance  of  unsoundness,  and 
causes  it  to  crumble  on  the  edges  and  angles.  The  exhibit  of  this 
stone  was  made  by  Mr.  W.  H.  B.  Thomas. 

The  Potomac  Marble. — The  so-called  Potomac  marble  is  a  calca- 
reous breccia,  found  on  the  Potomac  River,  above  Washington.  It 
consists  of  round  or  subangular  fragments  of  limestone,  the  spaces 
between  being  filled  with  a  heterogeneous  paste  of  sand  and  smaller 
stones,  some  of  which  are  black  and  some  red.  The  larger  fragments 
are  light  gray,  or  nearly  white,  the  smaller  green,  blue,  black,  pink, 
etc.,  the  whole  forming  a  peculiar  and  not  unpleasant  combination.^ 
Like  most  stones  of  similar  character,  this  is  generally  unsound,  and 
liable  to  crack.  It  was,  however,  formerly  much  used  for  internal  dec- 
oration, and  composes  the  columns  in  the  rotunda  of  the  old  House 
of  Representatives  at  Washington. 

Snisun  Marble. — ^This  is  the  only  ornamental  stone  from  the  Far 
West  shown  in  the  Exhibition.  It  is  the  well-known  stalagmitic 
marble  which  was  formerly  sent  in  considerable  quantities  from  Cali- 
fornia to  the  Eastern  States,  and  of  which  the  deposits  are  now  said 
to  be  exhausted.  It  is  composed  of  carbonate  of  lime,  deposited  in 
layers  of  different  shades  of  yellow  and  brown.  These  form  bosses 
and  mammillary  masses,  which,  cut  across,  develop  concentric  or 
sinuous  bands  of  lighter  and  darker  color,  which  are  sometimes  very 
beautiful. 

The  Mexican  Onyx  Marble. — The  most  beautiful  ornamental 
stone,  exclusive  of  gems,  shown  in  the  Philadelphia  Exhibition,  was 
the  so-called  Mexican  onyx.  This  is  really  a  stalagmitic  aragonite, 
similar  in  general  character  to  the  Snisun  marble,  and  the  Egyptian 
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onyx  marble,  but  much  more  beautiful  than  either.  For  a  calcareous 
stone  it  is  very  hard,  and  takes  a  polish  like  an  agate.  Its  colors  are 
pale  yellow  and  yellowish-green  in  bands,  while  the  surface  is  stained 
and  veined  with  green  and  red.  With  these  attractive  colors,  all  of 
which  are  delicate,  the  stone  is  translucent,  and  permits  the  light  to 
strike  through  it  so  that  it  seems  almost  luminous.  The  finest  speci- 
mens of  Oriental  alabaster  are  dull  and  unattractive  when  compared 
with  this  beautiful  material ;  and  it  is  to  be  earnestly  hoped  that  it 
will  be  found  in  sufficient  abundance  to  supply  the  very  active  de- 
mand it  has  excited.  Most  visitors  to  the  Exhibition  will  remember 
the  splendid  mantel  of  Mexican  onyx  which  formed  part  of  the  exhibit 
of  Messrs.  Fauchere  &  Co.,  of  New  York;  and  in  that  gave  abundant 
proof  of  its  adaptation  to  interior  decoration.  But  this  is  not  the 
only  use  to  which  it  can  be  put,  for  columns,  pilasters,  vases,  clocks, 
jewel-boxes,  etc.,  are  made  from  it,  which  are  not  excelled  in  beauty 
by  those  fashioned  from  any  other  material  known.  The  Mexican 
onyx  is  quarried  at  Tecalli,  in  the  State  of  Puebla.  Fine  displays  of 
it  were  made  by  Gutierres,  Julian,  &  Co.,  of  the  City  of  Mexico,  and 
by  Fauchere  &  Co.,  and  Fisher  &  Bird,  of  New  York. 

To  the  list  of  American  marbles  should  be  added  the  clouded  white 
and  black  monumental  marble  from  Arnprior,  Canada,  sent  by  Mr. 
P.  T.  Somerville.  This  is  a  white  marble,  clouded  and  banded  with 
black  from  graphite.  ItMs  not  haftdsome,  but  sound  and  strong,  and 
well  adapted  to  monumental  purposes. 

A  large  number  of  specimens  of  white  and  colored  marbles  and 
serpentines  were  contained  in  the  collective  exhibit  of  the  Canadian 
department,  for  the  most  part  contributed  by  the  Geological  Survey. 
These  were  chiefly  from  the  eastern  provinces,  but  some  were  from 
Vancouver  Island  and  British  Columbia.  Very  few  of  the  deposits 
from  which  these  specimens  came  have  been  worked,  and  the  qualities 
of  the  marbles  yet  remain  to  be  determined.  It  is  apparent,  how- 
ever, that  the  Lower  Silurian  black  and  gray  limestones  of  Vermont 
and  New  York,  and  the  colored  marbles  of  the  Winooski  belt,  crop 
out  at  various  localities  north  of  the  Canadian  line,  and  there  is  every 
reason  to  suppose  that  they  will  in  the  future  supply  the  materials  for 
an  important  industry,  and  will  contribute  largely  to  the  wealth  of 
more  than  one  of  the  Canadian  provinces. 

IV,  SERPENTINES, 

Quite  a  number  of  serpentines  and  ophiolites  were  shown  in  the 

Exhibition,  and  some  of  them  have  considerable  merit  as  ornamental 

stones.    The  coarse,  green  serpentine  of  Chester  County,  Pennsylva- 

II 
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nia,  was  exhibited  in  various  forms  by  J.  H.  Brinton.  This  is  a  well- 
known  building-stone,  quite  largely  used  in  Philadelphia  and  else- 
where, and  is  the  material  of  which  the  new  University  building  is 
constructed.  It  almost  immediately  assumes  the  appearance  of  age, 
which  comports  well  with  certain  kinds  of  architectural  design,  and 
with  the  purposes  of  certain  structures.  It  is  also  used  in  combina- 
tion with  other  materials — brick  and  stone — with  good  effect ;  so  that 
it  adds  an  important  element  to  the  resources  of  our  architects.  The 
color  is  yellowish-green ;  it  works  with  great  facility,  is  fire-proof,  and 
is  probably  durable. 

A  handsome,  dark-green  serpentine  from  Broad  Creek,  Maryland, 
was  shown  by  E.  M.  Bye.  This  is  more  or  less  veined  and  mottled, 
takes  a  good  polish,  and  is  adapted  to  many  kinds  of  interior  decora- 
tion. 

Another  dark-green  serpentine  was  exhibited  by  the  Hoosack 
Quarry  Company.  The  color  is  deep  and  uniform,  and  the  stone 
seems  to  be  dense  and  homogeneous.  It  contains  chrome  iron  and 
magnetite  like  that  from  Maryland.  The  specimen  shown — a  single 
small  cube — was  too  small  to  fairly  illustrate  the  qualities  of  the  stone, 
but  this,  at  least,  was  good. 

A  slab  of  verd-antique  marble  was  exhibited  by  S.  M.  Stone,  of 
Milford,  Connecticut.  As  is  generally  known,  stones  of  this  character 
are  composed  of  interlaced  bands  bf  serpentine  and  white  marble ;  a 
combination  which  exists  in  most  of  the  so-called  green  marbles  that 
have  been  described.  Usually  the  verd-antique  marbles  lose  their 
polish  and  beauty  when  exposed  to  the  action  of  the  weather,  but  they 
have  always  been  much  admired  for  the  decoration  of  public  and 
private  buildings  when  protected  from  exposure. 

A  small  exhibit  of  verd-antique  marble  was  made  from  Roxbury, 
Vermont,  but  hardly  sufficient  to  determine  either  its  character  or 
value. 

A  block  of  beautiful  yellow  and  green  serpentine  was  sent  from 
Newburyport,  Massachusetts,  by  C.  W.  Kempton.  This  is  of  the  va- 
riety known  as  precious  serpentine,  being  translucent  as  though  satu- 
rated with  oil,  and  its  colors  bright  and  handsome.  In  the  Old 
World  this  has  been  somewhat  largely  used  for  small  articles  of 
ornament,  inlaid-work,  etc.  It  is  rarely  found  in  masses  of  any 
considerable  dimensions  that  are  homogeneous. 

The  catalogue  of  serpentines  shown  in  the  Exhibition  would  not 
be  complete  without  reference  to  the  splendid  slab  of  green  serpentine 
sent  by  Juan  Rubio  Perez,  of  Granada,  Spain, — shown  in  the  Spanish 
department. 
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V.  SLATE, 

The  excellences  of  slate  as  a  material  for  roofing  are  so  marked 
that  they  are  generally  appreciated,  and  on  account  of  its  durability, 
its  cleanliness,  and  its  resistance  to  fire,  it  is  preferred  for  this  purpose 
to  any  other  material.  It  also  has  its  share  of  beauty,  for  slates  are 
red,  purple,  green,  and  black,  and  these  colors  are  frequently  com- 
bined by  the  architect  in  such  a  way  as  to  form  tasteful  patterns,  and 
thus  render  the  roof  an  ornamental  as  well  as  a  useful  part  of  the 
structure.  Slate  has  also  come  into  general  use  for  tiling,  beds  of 
billiard-tables,  black-boards,  etc.,  and  for  mantels, — either  marbleized 
or  plain, — ^so  that  the  consumption  of  this  article  is  really  enormous. 
Fortunately,  beds  of  slate  adapted  to  all  purposes  are  found  in  almost 
every  district  where  metamorphic  rocks  occur ;  and  they  are  worked 
on  a  larger  or  smaller  scale  in  a  countless  number  of  localities. 

Among  the  foreign  exhibits  of  slate  in  the  Centennial  Exhibition 
were  contributions  from  far  distant  and  widely-separated  regions. 
Norway  sent  slate  from  Tromsoe, — the  extreme  northern  point  of 
Europe, — from  the  quarries  of  the  Laxfiord  Slate  Company,  and  from 
Christiania ;  the  latter  the  exhibit  of  Mostue  &  Co. 

The  slates  of  North  Wales  are  of  world-wide  fame,  and  being  of 
excellent  quality,  and  the  quarries  so  situated  as  to  aflFord  special 
facilities  for  ocean  transportation,  they  have  supplied  roofs  to  every 
quarter  of  the  globe.  This  great  slate- industry  was  represented  by 
the  contributions  of  the  Cromerthin  Slate  Company,  of  Port  Madoc, 
and  the  Pen-yr-Orsedd  Slate  Company,  of  Carnarvon,  North  Wales. 

In  the  Portuguese  department,  a  large  exhibit  of  slate — mantels, 
slabs,  and  roofing — was  made  by  the  Vallongo  Slate  and  Quarry  Com- 
pany, of  Oporto. 

In  the  Italian  department  was  an  exhibit  of  slate  from  Baveno, 
made  by  Nicholas  della  Casa. 

From  Tasmania,  the  Australasian  Slate  Company  sent  slate  from 
their  quarries  on  Piper's  River. 

Finally,  good  slate  for  roofing  and  tiling,  green  and  purple,  and 
of  good  quality,  were  contained  in  the  collective  exhibit  of  Chili. 

The  American  slate  exhibits  were  more  than  twenty  in  number,  ex- 
clusive of  three  from  Canada.  These  were  all,  with  one  exception, 
from  New  England  and  the  Alleghany  belt,  yet  not  one-tenth  of  the 
quarries  now  worked  in  this  region  were  represented.  No  slate  was 
sent  from  points  farther  south  than  Virginia,  while  it  is  well  known 
that  in  North  Carolina  and  Georgia  the  slate  belts  are  as  well 
developed  as  farther  north, — and  none  from  west  of  the  Mississippi. 
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The  slate  exhibits  in  the  Canadian  department  were  made  by,  i, 
The  New  Rockland  Slate  Quarry  Company;  2,  The  Melbourne  Slate 
Quarry  Company;  3,  The  Rankin  Hill  Slate  Quarry  Company;  and, 
4,  The  Danville  School  Slate  Company.  Of  these,  the  quarries  of  the 
first  two  are  situated  in  the  same  belt  of  slate  near  Richmond.  The 
slate  is  red,  green,  and  purple,  and  is  of  excellent  quality,  smooth, 
homogeneous,  and  strong.  The  strength  of  the  New  Rockland  slate 
was  shown  by  a  cube  of  granite  weighing  72  pounds  being  sustained 
in  the  middle  of  a  strip  ^  of  an  inch  thick,  5  inches  wide,  and  2^ 
feet  long.  The  exhibit  of  this  company  contained  roofing-slate  of 
eight  sizes,  and  planed  slabs  for  billiard-tables,  hearthstones,  library 
shelves,  etc. 

The  Rankin  Hill  slate  is  red  and  green ;  it  is  obtained  from  quar- 
ries near  Actonvale,  owned  by  Mr.  John  Rankin,  of  Montreal.  The 
exhibit  was  small,  but  the  quality  was  excellent 

The  Danville  slate  is  principally  used  for  school-slates,  and  seems 
well  adapted  to  this  purpose.  It  is  obtained  at  Gansonville,  near 
Danville.  This  was  well  shown  in  the  varied  exhibit  of  the  Danville 
Slate  Company. 

Slate  was  sent  from  Maine  by  the  Maine  Slate  Company,  of  Skow- 
hegan,  by  A.  H.  Merrille,  of  Williamsburg,  and  C.  H.  Chandler,  of 
Brownsville.  The  slates  exhibited  by  all  these  parties  are  dark, 
almost  black  in  color,  hard,  and  durable. 

The  exhibit  of  the  Maine  Slate  Company  was  large  and  com- 
prehensive, including  roofing-slate,  and  slabs  prepared  for  different 
purposes. 

The  slates  of  Vermont,  so  largely  worked  at  Poultney,  Castleton, 
and  Fair  Haven,  were  not  represented  in  the  Exhibition.  There  are 
some  fifty  quarries  in  this  district,  producing  chiefly  roofing-slate,  and 
that  of  excellent  quality.  The  colors  are  generally  purple  and  green, 
but  red  slate  is  also  found  there. 

In  Washington  County,  New  York,  is  another  seat  of  the  slate- 
industry,  there  being  some  thirty  or  forty  slate-quarries  in  this  region. 
These  are  located  in  the  same  geological  formation  (Silurian),  and 
indeed  in  the  same  belt  with  those  of  Southwestern  Vermont.  The 
centres  of  production  are  Middle  Granville,  Jamesville,  and  Hamp- 
ton. The  Granville  quarries  are  about  a  dozen  in  number,  and,  with 
the  exception  of  one,  are  devoted  to  the  production  of  roofing-slate. 
The  predominant  colors  are  red,  purple,  and  green,  generally  pure, 
but  sometimes  mottled.  The  quality  of  the  slates  is  excellent.  They 
are  fine-grained  with  smooth  surfaces,  of  good  strength  and  perma- 
nent color.     The  red  slates  from  the  Granville  quarries  are  specially 
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sought  for,  and  are  shipped  to  all  parts  of  the  United  States,  and 
even  to  foreign  countries.  Slates  were  sent  to  the  Exhibition  from 
this  region  by  Richard  L.  Williams,  the  North  Bend  Slate  Company, 
the  Warren  Slate  Company,  and  Williams  &  Evans;  the  last  two 
sent  only  green;  the  former,  red,  green,  and  purple  slates. 

Pennsylvania  has  among  her  varied  mineral  resources  extensive 
deposits  of  slate.  These  are  worked  at  various  points,  and  it  is  esti- 
mated that  not  less  than  three  hundred  quarries  are  opened  on  her 
slate  belt  The  most  important  district  is  that  about  Slatington. 
Another  slate  district  is  on  the  southern  border  of  the  State,  extend- 
ing into  Maryland,  and  known  as  the  Peach  Bottom  slate  region. 
The  slates  from  both  these  districts  are  of  fine  and  firm  texture,  split 
with  smooth  surfaces,  and  the  prevailing  color  is  dark  blue.  Red 
slates  are,  however,  found  near  Easton  and  elsewhere.  The  exhibit- 
ors of  slate  from  Pennsylvania  were  the  Lehigh  Slate  Company,  and 
the  Columbia  Slate  Company,  of  Slatington;  the  Allentown  Slate 
Company,  of  Lynnport ;  the  Chapman  Slate  Company,  of  Bethlehem ; 
the  Chester  County  Slate  Company ;  the  Peach  Bottom  Slate  Mining 
Company ;  and  D.  W.  Drenton,  of  Philadelphia.  The  exhibits  made 
by  the  parties  varied  much  in  magnitude,  and  somewhat  in  excellence. 
That  of  the  Lehigh  Slate  Company,  which  is  one  of  the  oldest  and 
best-known  slate  companies  of  the  country,  exhibited  the  product 
of  their  quarries  in  a  great  variety  of  forms;  roofing-slate,  black- 
boards, school-slate,  baths,  mantels,  etc.,  of  excellent  quality,  and 
where  wrought  of  good  workmanship. 

From  the  Buckingham  quarries,  Buckingham  County,  Virginia,  a 
handsome  exhibit  of  roofing-slate  was  sent  by  Edward  Roberts  &  Co. 
In  color  it  is  black,  the  texture  fine,  cleavage  uniform  with  smooth 
surfaces,  contains  no  pyrites,  and  is  apparently  strong  and  good. 

From  the  West,  slate  came  to  the  Exhibition  from  one  locality  only. 
This  was  from  the  Huron  Mountains,  on  the  southern  shore  of  Lake 
Superior,  and  the  exhibit  was  made  by  the  Huron  Bay  Slate  Com- 
pany. This  slate  is  black  in  color,  with  smooth  cleavage  surfaces, 
uniform  in  texture,  and  strong.  The  deposits  of  slate  in  the  Huron 
Mountains  are  said  to  be  unequaled  in  extent,  and  to  include  colored 
slates  as  well  as  black. 

Slate  well  adapted  to  roofing  and  other  purposes  is  known  to  exist 
in  a  great  number  of  localities,  and  in  unlimited  quantity  in  the  Rocky 
Mountain  and  Sierra  Nevada  belts.  All  these  deposits,  so  far  as 
known,  remain  unworked. 

There  were  many  fine  exhibits  of  slate  manufactured  into  mantels, 
generally  marbleized,  etc.,  which  attracted  much  attention  at  the  Ex- 
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hibition.  These  were,  however,  examined  and  reported  upon  in  an- 
other group,  and  I  will  only  mention  the  exhibits  of  Wilson,  Gilmore, 
&  Co.,  of  St.  John's,  New  Brunswick ;  the  Williams  Marble  &  Slate 
Manufacturing  Company;  Hayes,  Coulter,  &  Co.;  J.  B.  Kimes  &  Co.; 
and  Wilson  &  Miller,  of  Philadelphia ;  and  the  Allentown  Slate  Man- 
ufacturing Company,  of  Allentown,  Pennsylvania,  as  illustrating  a  new 
and  important  use  to  which  this  protean  material  is  now  being  devoted. 


VI,  FLAGGING  STONE, 

The  display  of  flagging  stone  in  the  Exhibition  was  quite  small. 
In  the  foreign  departments  there  was  no  flagging  or  tiling  worthy  of 
mention,  and  the  three  exhibits  from  our  own  country  were  very  far 
from  doing  justice  to  our  resources  in  material  of  this  kind.  These 
exhibits  were : 

I.  Mr.  F.  K.  Field,  of  Baltimore,  Maryland,  showed  a  collection  of 
specimens  of  blue  sandstone  for  curbing,  flagging,  etc.,  which  came 
from  New  York,  Pennsylvania,  Maryland,  and  Virginia,  the  New  York 
stone  being  the  famous  "bluestone"  of  the  Hudson  River.  This  was 
not  well  shown,  as  the  specimens  were  too  small.  The  other  samples 
of  flagging  were  of  rather  coarse  material,  more  tender  and  inclined 
to  flake  than  the  Hudson  River  stone.  This  latter  is  one  of  the  very 
best  flagging  stones  in  the  world.  It  may  be  quarried  in  slabs  of 
almost  any  desired  thickness  or  dimensions,  the  different  layers  vary- 
ing much  in  this  respect.  The  natural  surfaces  of  these  strata  are 
comparatively  smooth,  and  form  a  good  walk  without  dressing.  The 
stone  comes  from  the  Hamilton  group  of  the  Devonian  system,  and 
forms  a  belt  of  outcrop  extending  from  Kingston  on  the  Hudson  to 
Port  Jervis  on  the  Erie  Railroad,  and  thence  southward.  It  is  a  fine- 
grained sandstone,  generally  dark  blue  in  color, — whence  its  name, — 
and  is  very  strong  and  durable.  When  ground  or  sawed  it  forms  a 
very  smooth  surface,  and  yet  one  that  always  has  a  tooth  or  grain 
which  holds  the  foot  well,  whether  wet  or  dry.  In  this  respect  sand- 
stones are  much  superior  to  granites  and  limestones,  which  become 
slippery  and  dangerous  when  wet.  White  marbles,  which  have  a 
distinctly  granular  and  crystalline  structure,  are  not  likely  to  wear 
smooth,  and  thus  make  very  good  flagging ;  but  they  are  expensive, 
are  liable  to  stain  when  in  contact  with  the  earth,  and  wear  away 
more  rapidly  than  the  more  silicious  stone.  From  its  abundance 
throughout  the  belt  of  country  where  found,  and  the  proximity  of  the 
quarries  to  water  transportation,  the  bluestone  is  furnished  at  a  low 
price  in  all  the  seaport  cities;  and  supplying,  as  it  does,  excellent 
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flagging  and  curbstones,  it  forms  one  of  nature's  gifts  for  which  the 
inhabitants  of  these  cities  have  reason  to  congratulate  themselves. 

2.  Mr.  T.  H.  King,  of  Trumansburg,  New  York,  exhibited  much 
the  finest  samples  of  flagging  stone  shown  at  Philadelphia.  These 
were  slabs  some  twelve  feet  square  and  six  inches  thick,  of  blue  sand- 
stone, similar  in  appearance  and  quality  to  that  found  on  the  Hudson. 

3.  The  Forest  City  Stone  Company,  of  Cleveland,  Ohio,  sent  some 
of  their  flagging  to  form  the  walk  which  led  to  the  Ohio  State  Build- 
ing. This  is  a  fine-grained,  rather  argillaceous  blue  sandstone,  which 
does  not  split  naturally  into  plates,  but  saws  with  facility.  When  thus 
cut  it  supplies  material  for  flagging  that  is  only  inferior  to  the  finished 
bluestone,  in  that  it  is  softer,  wears  somewhat  faster,  and  may  occa- 
sionally be  found  to  flake. 

A  similar  stone  to  the  Cleveland  flagging,  though  somewhat  softer 
(and  its  precise  geological  equivalent,  both  being  Waverly),  is  the 
Buena  Vista  stone,  quarried  at  Portsmouth,  Ohio,  and  now  quite  largely 
shipped  to  the  cities  of  the  North  and  East.  This  stone  was  abundantly 
shown  in  the  Exhibition,  though  not  as  flagging,  and  has  been  noticed 
elsewhere.  Like  the  Cleveland  "bluestone,"  it  is  sometimes  saturated 
with  petroleum,  derived  from  a  bituminous  shale  which  it  overlies, 
and  this,  brought  to  the  surface  by  the  sun's  heat,  produces  an  ugly 
though  temporary  stain.  When  laid  side  by  side  with  the  Hudson 
River  bluestone  flagging,  as  it  often  is,  the  Buena  Vista  stone,  with 
its  sawed  surfaces,  is  pleasanter  to  the  tread  than  the  bluestone,  unless 
this  too  should  have  been  rubbed  smooth.  It  is,  however,  more 
tender,  and  wears  away  faster. 

VII.   MINOR   ORNAMENTAL  STONES, 

The  gems  shown  in  the  Exhibition,  when  cut,  came  into  the  cate- 
gory of  jewelry,  and  were  examined  by  the  Judges  of  Group  XI.; 
when  uncut,  were  classed  as  minerals,  and  thus  were  assigned  to  an- 
other Judge  of  Group  I.  There  remain,  however,  a  few  ornamental 
stones,  shown  in  the  Exhibition,  which  deserve  notice,  and  which  are 
not  likely  to  be  reported  upon  by  any  one  else.  Upon  these  a  few 
brief  memoranda  are  appended  below.     They  are : 

I.  Malachite. — The  very  beautiful  exhibit  of  malachite  in  the 
Russian  department  attracted  the  attention  of  most  visitors  to  the 
Exhibition.  Naturally  the  greatest  display  of  this  material  was  made 
by  the  Russians,  since  nearly  all  the  malachite  that  has  been  used  for 
ornamental  purposes  has  come  from  the  Ural  Mountains.  At  Nijni 
Tagilsk  it  has  been  found  in  enormous  masses;  one  mentioned  by 
Murchison  "  having  an  area  on  the  surface  of  eighteen  feet  by  nine, 
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and  extending  to  an  unknown  depth."  Solid  blocks  of  the  finest 
quality,  a  cubic  yard  in  dimensions,  were  obtained  from  this  mass.  It 
occurs  in  numberless  other  localities,  but  usually  in  small  quantity, 
and  rarely  of  sufficient  solidity  and  beauty  to  serve  for  ornament 
Malachite  has,  however,  been  recently  found  in  abundance  in  the 
famous  Burra-Burra  Mine,  near  Adelaide,  in  Australia;  and  a  splendid 
slab,  somewhat  irregular  in  form,  but  some  six  feet  long  by  three  feet 
wide,  was  shown  in  the  Queensland  exhibit,  at  Philadelphia. 

Malachite,  as  is  generally  known,  is  the  green  carbonate  of  copper. 
It  is  produced  by  the  decomposition  of  the  oxides  of  that  metal,  and 
is  usually  confined  to  the  upper  portions  of  the  copper-bearing  veins 
where  the  ore  or  native  metal  has  been  exposed  tp  the  action  of 
atmospheric  water  charged  with  carbonic  acid.  The  better  qualities 
are  concretionary  or  stalagmitic  in  structure,  forming  sheets  or  botry- 
oidal  masses,  composed  of  successive  layers,  which  vary  in  color  from 
light  to  very  dark  green.  When  cut  across  these  layers,  they  form 
circles  and  convoluted  bands  of  diflferent  shades,  to  which  the  beauty 
of  the  material  is  principally  due. 

The  malachite  shown  in  the  Russian  department  was  chiefly 
manufactured,  and  formed  a  veneering  to  numerous  tables,  vases,  and 
other  articles.  There  were,  however,  large  masses,  some  of  several 
hundred  pounds  in  weight,  composed  of  the  mineral  in  its  natural 
state,  and  many  of  these  were  purchased,  either  to  be  sliced  by  the 
manufacturers  of  jewelry  and  other  ornaments  in  this  country  or  to 
be  placed  in  cabinets  and  museums. 

The  Queensland  malachite  to  which  reference  has  been  made,  came 
from  the  Peak  Downs  Mine.  It  was  much  darker  in  color  than  the 
Russian,  but  fully  equaled  it  in  beauty. 

Malacliite  occurs  in  connection  with  all  the  deposits  of  copper  in 
this  country,  but  generally  in  small  masses,  sheets,  or  strings,  and 
such  as  are  rarely  compact  and  homogeneous  enough  to  have  any 
value  other  than  as  an  ore  of  copper. 

2.  Labradorite. — A  considerable  quantity  of  this  iridescent  feld- 
spar was  contained  in  the  Russian  exhibit,  where  it  chiefly  appeared 
as  veneering  for  tables.  All  of  it,  however,  was  comparatively  dull  in 
color,  and  very  inferior  to  the  magnificent  specimens  obtained  from 
the  special  home  of  this  mineral,  Labrador.  The  colors  of  the  Ameri- 
can labradorite  are  sometimes  really  gorgeous,  presenting  a  vivid  play 
of  reflections  in  every  shade  of  blue,  green,  and  yellow,  such  as  have 
almost  no  rivals  in  nature  for  brilliancy. 

3.  Rhodonite. — This  is  a  silicate  of  manganese,  hitherto  a  some- 
what rare  mineral,  and  but  recently  used  as  an  ornamental  stone.     Its 
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colors  are  red  or  pink^  streaked  and  spotted  with  black.  When  com- 
pact, it  is  very  dense  and  tough,  and  takes  a  high  polish.  The  Rus- 
sian rhodonite  comes  from  the  Ural  and  Siberia.  None  has  been 
found  elsewhere,  adapted  to  ornamental  purposes.  A  variety  con- 
taming  zinc  (Fowlerite)  occurs  at  Stirling,  New  Jersey.  Some  of  it 
closely  resembles  the  Russian  rhodonite,  but  it  is  less  compact,  and 
lades  on  exposure  to  light 

4.  Lapis  Lazuli. — ^This  has  been  from  the  most  ancient  times 
highly  valued  as  an  ornamental  stone,  not  only  on  account  of  its 
rarity,  but  of  its  peculiar  and  beautiful  blue  color.  It  is  a  silicate  of 
alumina,  lime,  and  soda,  with  some  sulphur  and  iron,  is  nearly  as  hard 
as  quartz,  and  takes  a  fine  polish.  It  is  nowhere  found  in  abundance, 
and  that  of  the  finest  quality  comes  from  Persia,  China,  and  Siberia. 
That  of  the  deepest  color  is  most  highly  esteemed,  and  choice  speci- 
mens are  worth  ^20  to  $2^  per  ounce.  It  never  occurs  in  large  pieces, 
— the  largest  mass  of  fine  lapis  lazuli  known  being  a  solid  globe  thir- 
teen inches  in  diameter,  which  is  in  one  of  the  churches  at  Rome. 
In  the  Oriental  countries  it  is  wrought  into  cups,  vases,  handles  of 
weapons,  etc.  Among  the  European  nations  the  finest  specimens  are 
used  for  jewelry,  while  the  less  pure  masses  are  sawed  into  veneers, 
which  are  used  for  inlaid-work,  to  incrust  panels,  tables,  vases,  etc. 
All  the  larger  articles  shown  in  the  Exhibition  which  seemed  to  be 
composed  of  solid  lapis  lazuli,  were  simply  veneered.  In  former  times 
this  stone  was  ground  up  to  make  the  pigment  known  as  ultramarine, 
and  the  demand  for  this — which  had  not  only  an  unequaled  but  imper- 
ishable blue  color — caused  the  stone  to  be  much  more  costly  than  it 
now  is,  since  an  artificial  pigment  rivaling  the  true  ultramarine  in 
beauty  has  completely  superseded  it. 

Many  specimens  of  lapis  lazuli  show  on  the  polished  surface  minute 
yellow  metallic  specks;  these  are  iron  pyrites,  and  they  frequently  add 
much  to  the  beauty  of  the  stone. 

5.  Jade. — Specimens  of  this  stone  were  shown  in  various  depart- 
ments of  the  Exhibition,  and  always  serving  a  purely  ornamental  pur- 
pose. Indeed,  this  has  been  the  longest  and  most  widely  used  by  the 
human  race  of  all  ornamental  stones.  It  varies  in  color  from  white  to 
the  deepest  green, — in  most  countries  the  darkest  colors  being  most 
highly  prized.  In  China,  however,  a  light  variety  is  preferred.  It  is 
a  very  hard  and  tough  mineral,  exceeding  quartz  in  hardness,  and 
receives  a  high  polish.  Among  barbaric  nations  it  has  been  used  for 
ear-pendants,  nose-jewels,  amulets,  idols,  etc.,  and  good  examples  of 
these  were  shown  in  the  New  Zealand  department,  where  the  hideous 
conceptions  of  South  Sea  Island  superstition  were  embodied  in  jade  of 
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the  finest  quality.  In  the  exhibits  of  the  Chinese  and  Japanese  there 
were  numerous  specimens  of  jade  wrought  with  great  skill  into  per- 
sonal ornaments  or  grotesque  figures.  In  the  Russian  department 
jade  was  also  shown  in  the  form  of  cups  and  shallow  vessels. 

There  are  perhaps  several  distinct  minerals  known  under  the  name 
of  jade.  Two  have  been  identified,  nephrite  and  jadite ;  the  former 
including  the  darker  varieties  found  in  New  Zealand  and  Mexico,  the 
latter  the  pale-green  stone  used  for  making  ornaments  in  China. 
They  seem,  however,  to  shade  into  each  other,  perhaps  by  mixture. 

6.  Quartz. — Several  varieties  of  quartz  were  seen  in  different  de- 
partments of  the  Exhibition,  forming  objects  of  ornament ;  for  exam- 
ple, in  the  Scotch  exhibit  was  a  great  display  of  the  cairngorm, — 
yellow  or  brown  quartz, — and  amethy.st, — quartz  colored  purple  by 
manganese, — set  in  the  peculiar  silver  jewelry  so  characteristic  of  this 
country.  In  the  Chinese  department  were  several  remarkably  fine 
specimens  of  spheres  of  rock-crystal  which  have  been  so  frequently 
brought  from  the  East,  and  have  excited  so  much  surprise  from  the 
accuracy  with  which  they  are  wrought;  and  among  the  beautiful 
things  shown  in  the  Russian  department,  not  the  least  attractive 
were  the  ornaments  of  various  kinds  wrought  from  limpid  or  smoky 
quartz. 

Agates,  onyx,  sardonyx,  and  carnelian  appeared  among  the  orna- 
mental stones  in  many  departments  of  the  Exhibition ;  but  naturally 
the  greatest  display  of  articles  wrought  from  these  materials  was  in  the 
German  department,  and  in  the  exhibit  of  agate-work  from  Ober- 
stein.  This  is  the  great  centre  of  the  agate-industry  of  the  world,  and 
the  art  of  cutting  these  hard  stones  is  not  only  carried  to  its  greatest 
perfection  there,  but  art  has  also  lent  its  aid  in  increasing  the  variety 
and  beauty  of  their  colors ;  a  large  portion  of  the  material  shown 
having  been  artificially  stained.  This  is  said  to  be  accomplished  by 
heating  the  articles  and  then  plunging  them  into  colored  solutions,  or 
by  boiling  them  in  honey  or  oil,  and  subsequently  by  heating  them  to 
carbonize  the  matter  absorbed  by  the  more  porous  bands.  All  the 
blue  agates,  of  which  there  were  so  many  shown,  owed  their  color  to 
this  treatment. 

Jasper  in  many  varieties,  including  the  heliotrope,  or  "bloodstone," 
— a  green  jasper  blotched  with  red, — appeared  in  fancy  articles  as 
parts  of  many  exhibits,  but  nowhere  in  quality  or  quantity  that  calls 
for  special  notice. 

7.  Opal. — Although  the  opals  which  formed  part  of  the  exhibits 
of  jewelry  will  be  noticed  by  others,  two  quite  unusual  displays  of 
opals  were  made  in  the  Exhibition  which  deserve  to  be  mentioned 
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here.  These  are,  first,  the  Hungarian  opals  shown  in  the  Austrian 
department,  and,  second,  those  from  Australia,  which  formed  part  of 
the  great  exhibit  of  Queensland.  The  former  was  particularly  inter- 
esting, because  it  included  masses  of  rock  traversed  by  veins  of  opal, 
showing  fully  its  mode  of  occurrence,  and  the  largest  homogeneous 
mass  of  precious  opal  known.  This  was  an  irregular  flattened  tablet 
some  four  inches  long  by  two  inches  wide,  and  between  half  an  inch 
and  an  inch  in  thickness,  weighing  over  six  ounces,  and  valued  at 
^25,000.  It  was  of  the  finest  quality  throughout,  and  all  parts  of  the 
surface  emitted  the  iridescent  reflections  so  characteristic  of  this  beau- 
tiful gem.  A  larger  mass,  weighing  seventeen  ounces,  is  contained 
in  the  Vienna  Museum,  but  it  is  much  fissured,  and  not  perfectly  free 
from  rock. 

The  Queensland  opals  were  for  the  most  part  in  masses  of  the 
matrix,  which — ^and  this  constituted  the  special  interest  of  the  exhibit 
— ^was  limonite,  the  hydrated  sesquioxide  of  iron.  Although  having 
considerable  superficial  area,  these  opals  had  generally  little  thickness, 
and  formed  a  mere  coating  or  film  over  the  underlying  rock.  Still, 
the  colors  were  brilliant,  and  some  of  the  masses  evidently  had  con- 
siderable value  as  gems. 

Some  beautiful  specimens  of  the  Honduras  opals  were  shown  by 
the  jewelers,  but  the  country  from  which  they  came  had  no  represen- 
tation in  the  Exhibition,  and  they  were  not  otherwise  shown.  These, 
like  those  of  Hungary,  occur  in  veins,  in  an  igneous  rock,  and  are 
fully  equal  to  them  in  quality. 

The  opal  is  undoubtedly  the  most  beautiful  of  gems,  but  it  is  a 
brittle  stone,  and  is  liable  to  crack  from  sudden  changes  of  tempera- 
ture, and  even  without  any  assignable  cause.  In  composition  it  is  a 
hydrated  silica,  and  contains  ten  per  cent,  of  water ;  its  brilliant  colors 
are  due  to  its  mechanical  structure, — i.e,^  to  fissures  or  cavities  which 
decompose  the  rays  of  light. 
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WHETSTONES  AND   OILSTONES  OR   HONES. 

BY  JAMES  M.  S AFFORD. 

These  are  in  use  the  world  over  for  whetting  or  sharpening  edge- 
tools  and  for  polishing  hard  surfaces.  Some  are  used  dry,  others 
require  water,  and  some  oil.  Their  use  often  follows  that  of  the 
revolving  grindstone.  Though  generally  flat  and  straight  rectangular 
pieces,  they  are  frequently  made  of  other  shapes  to  suit  the  instru- 
ments to  be  whetted.  They  owe  their  abrading  power  to  the  presence 
in  their  composition  of  hard  silicious  or  quartz-grains  in  preponder- 
ating proportion.  The  quartz  may  be  coarse  or  fine  granular,  as  in 
sandstones  and  some  mica-schists,  or  flint-like  (crypto-crystalline),  as 
in  many  hones.  Some  are  simply  quartz  rock.  Bats  are  whetstones 
cut  from  tough  and  sharply-gritted  sandstones,  a  rock  by  no  means 
rare.  They  are  in  use  for  sharpening  scythes  (scythe-stones),  mowers, 
and  coarse  knives.  Whetstones  of  similar  bite,  often  very  sharp  and 
abrading  rapidly,  are  called  ragstofies  in  Norway,  Russia,  and  Scot- 
land, when  made  of  quartzose  mica-schist.  Bats,  ragstones,  and 
other  whetstones,  in  great  number  and  of  all  grades,  were  on  exhibi- 
tion, the  material  coming  principally  from  various  parts  of  North 
America  and  Europe,  and,  as  hand  specimens  forming  parts  of  collec- 
tions, from  South  America,  Australia,  and  other  parts  of  the  globe. 
They  require  no  special  mention  here.  In  the  United  States  and 
Canada  there  are  many  localities  where  either  bats  or  ragstones  of 
good  sharp  grit  have  been  or  can  be  obtained.  The  stones  should  be 
uniform  in  texture,  have  a  keen  grain,  and  not  be  inclined  to  become 
smooth  or  glazed  on  the  surface.  The  manufacture  of  such  whet- 
stones is  already  an  industry  of  considerable  importance  in  this  coun- 
try. It  could  be  expanded  indefinitely,  having  a  seat  at  numerous 
points,  were  there  a  corresponding  demand. 

Hones  or  oilstones  are  prepared  principally  from  silicious  layers 
of  flint-like  or  fine  granular  texture,  and  are  employed  when  the  finest 
and  sharpest  edges  are  desired.  In  a  rock  suitable  for  them,  which 
may  be  a  fine  slate  or  a  compact  silicious  rock,  the  texture  is  uniform, 
hard,  and  firm,  and  the  grain  keen  but  not  easily  discernible.  Material 
for  the  first-class  hones  is  found  at  but  few  localities,  three  of  the  most 
noted  of  which  are  respectively  in  Asia  Minor,  Arkansas,  United 
States,  and  in  the  neighborhood  of  Ratisbon,  Germany.  That  from 
Asia  Minor,  known  as  Turkey  oilstone^  is  considered  to  be  the  best  of 
its  class.     It  wears  away  the  hardest  steel,  and  can  resist,  by  its  close 
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and  compact  texture,  the  pressure  necessary  to  sharpen  gravers  and 
the  smallest  instruments.  It  is  of  bluish  color,  though  some  varieties 
are  light-colored,  of  close  grain,  often  flawed  or  cracked,  not  very  tough, 
and  requiring  to  be  backed  with  slate  or  wood.  The  silica  of  the 
Turkish  stone,  present  in  the  proportion  of  70  to  75  per  cent,  appears 
to  be  very  intimately  blended  with  calcite.  The  stone  is  obtained  in 
the  interior  of  Asia  Minor,  and  is  brought  to  Smyrna  for  sale. 

Little  inferior,  if  any,  to  the  Turkey  is  the  best  variety  of  oilstone 
brought  from  the  State  of  Arkansas.  In  fact,  the  latter  commands  a 
higher  price  in  New  York  than  the  former.  The  development  of  the 
Arkansas  stone,  and  its  manufacture  into  sharpening  and  polishing 
pieces  of  many  and  varied  forms,  is  an  industry  pertaining,  in  its 
beginnings  and  growth,  to  the  century  which  has  just  closed. 

There  were  two  tasteful  and  full  exhibits  of  manufactured  Arkansas 
stone  in  the  Exhibition.     We  shall  speak  of  these  below. 

The  German  hone,  or  ^' razor-Itone''  {novaculite),  is  from  the  slate 
hills  near  Ratisbon,  where  it  is  found,  forming  a  yellowish  layer 
running  through  blue  slate,  and  varying  in  thickness  from  I  to  18 
inches.  It  is  tougher  than  either  of  the  kinds  mentioned,  and  has  a 
keen  bite.  The  rock  is  sawn  into  thin  slabs,  which  are  usually 
strengthened  by  being  cemented  to  slices  of  blue  slate.  Sometimes 
they  are  cut  out  with  the  blue  slate  naturally  attached. 

In  addition  to  the  above,  oilstones  are  prepared  in  Bohemia,  Great 
Britain,  Canada,  in  several  States  of  the  Union  besides  Arkansas,  and 
in  other  countries.  In  Great  Britain,  among  others,  are  the  C/tamley 
Forest  stone,  said  to  be  a  good  substitute  for  the  Turkey  stone,  the 
Welsh  slate  or  oilstone,  a  tough,  fine-grained,  silicious  slate,  and  the 
Water-of-Ayr,  or  Snake  stone,  apparently  an  altered  shale  of  grayish 
mottled  color,  and  used  for  polishing  copper-plates  and  ornamental 
marbles. 

The  exhibits  of  Arkansas  oilstones,  referred  to  above,  were  made 
by  two  parties, — Messrs.  Boyd  &  Chase,  iViro;  York,  N.  K,  and  Julius 
Louis  &  Brother,  yeffersonville,  Indiana,  In  addition  to  these  ex- 
hibits, there  was  an  extensive  display  of  the  uncut  rock  in  the  Arkansas 
State  building.  This  oilstone  material  is  a  white  and  beautiful  silicious 
rock,  often  called  novaculite,  occurring  in  abundance  in  the  hills  of 
Garland  County  (formerly  a  part  of  Hot  Springs  County),  Arkansas, 
and  on  the  Washita  (Ouachita)  River  in  the  same  county.  The 
famous  Hot  Springs  are  in  Garland  County,  and  a  ridge  or  hill  from 
which  some  of  the  hot  waters  flow  contains  novaculite.  The  rock  is 
of  the  age  of  the  Millstone  grit,  at  the  base  of  the  coal-measures, 
and  is  thought  by  some  to  be  a  metamorphosed  sandstone,  the  change 
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having  been  brought  about  by  the  "  permeation  through  the  mass  of 
heated  alkaline  silicious  waters,"  such  as  now  flow  from  the  springs, 
or  by  waters  still  hotter,  and  more  charged  with  saline  matter.*  The 
following  is  the  result  of  an  analysis  made  of  the  novaculite  by  Dr. 
D.  D.  Owen : 

Silica 98.00 

Alumina,  tinged  with  oxide  of  iron 00.80 

Potash 00.60 

Soda 00.50 

Traces  of  lime,  magnesia,  hydrofluoric  acid  and  moisture  .        .        .  00.10 

100  00 

The  rock  varies  at  different  localities  in  fineness  of  grain  and  hard- 
ness, and  consequently  in  value,  as  an  oilstone.  The  best  of  it  has 
the  whiteness  and  beauty  of  the  most  compact  and  whitest  Carrara 
marble.  It  is  of  very  fine  grain  (approximating  chalcedony  in  this  re- 
spect), yet  with  keen  grit,  is  uniformly  hard,  not  readily  grooved,  and 
is  altogether  an  admirable  sharpening  stone  for  all  steel  instruments 
requirin|^  sharp  points  or  fine  cutting  edges,  as  well  as  a  polishing 
stone  for  small  work,  such  as  finishing  the  steel  pivots  of  watch- 
wheels  and  other  parts  of  watches.  The  best  is  known  technically 
as  the  Arkansas  stone;  that  of  second  grade  as  the  Washita  or 
Ouachita.  The  former  is  obtained  with  difficulty  in  the  ridge  at  the 
Hot  Springs.  It  is  much  fractured  in  place,  and  is  not  easily  secured 
in  large  pieces  free  from  veins  of  common  quartz.  The  Washita  is  a 
coarser  and  cheaper  stone.  It  is  more  porous  than  the  Arkansas,  and 
better  suited  to  the  sharpening  of  ordinary  tools.  A  number  of  local- 
ities supply  it.  The  old  Washita  quarries  are  several  miles  from  the 
Hot  Springs. 

The  exhibit  of  Messrs.  Boyd  &  Chase,  located  in  the  Main  Build- 
ing, was  full  and  highly  satisfactory.  It  included  the  Arkansas  and 
the  Washita  grades  of  novaculite,  cut  into  blocks,  slips,  rods,  pieces, 
and  wheels  of  the  many  sizes  and  forms  suitable  for  the  purposes  to 
which  oilstones  are  applicable.  The  crude  material,  brought  from 
Arkansas,  is  sawn  and  worked  up  at  their  factory  in  New  York. 
Their  works,  established  in  185 1,  are  perhaps  the  most  extensive  of 
the  kind  in  the  world.  They  employ  20  men  and  boys,  use  an  engine 
of  60  horse-power,  and  turn  out  annually  products  having  a  value  of 
about  ^30,000,  which  are  sold  in  the  United  States,  Canada,  England, 

•  See  the  Second  Report  of  a  Geological  Reconnoissance  of  the  Southern  and  Middle 
Counties  of  Arkansas ,  made  during  the  Years  i8SQ  cind  i860  by  David  Dale  Owen,  pp.  23 
and  loi. 
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France,  Germany,  Switzerland,  and  other  European  countries.  The 
following  are  the  prices  at  which  these  gentlemen  sell  their  prepared 
stones,  including  the  Turkey  and  Hindostan  kinds,  in  which  also  they 
deal: 

Arkansas  oilstone ^1.50  per  pound. 

Washita        "        .        .        . 35    "      " 

Turkey  *• I.oo    "      «• 

Hindostan  or  Orange  oilstone         .        .        .        .        .    4  to  6  cts.     *' 

The  Hindostan  is  a  water-stone  of  even  and  fine  grain,  obtained  in 
Indiana,  United  States,  and  has  a  good  reputation.  The  preparation 
of  axe-stones,  carpenters'  stones,  and  slips  from  this  material  is  car- 
ried on  quite  extensively  in  the  State  mentioned.  It  has  been  shipped 
to  Sheffield,  England.*  An  oilstone  from  Lake  Superior  is  sold  by 
Boyd  &  Chase  at  20  cents. 

The  exhibit  of  Julius  Louis  &  Brother,  located  in  the  Main  Build- 
ing, and  near  that  just  spoken  of,  was  well  worthy  of  commendation. 
It  presented  a  series  of  the  manufactured  Arkansas  and  Washita  oil- 
stones in  variety.  It  was  not  so  full  as  that  of  Boyd  &  Chase,  but 
otherwise  much  like  it.  In  addition  to  the  novaculite  these  gentle- 
men had  an  interesting  series  of  Orange  stones  and  slips,  which  are 
used  both  with  water  and  oil,  and  are  recommended  for  their  good 
grit  and  low  price.  The  material  is  allied  to  the  Hindostan  stone, 
and  is  well  adapted  for  sharpening  and  polishing  purposes.  It  is  ob- 
tained from  a  quarry  owned  by  the  exhibitors,  in  Lawrence  County, 
Indiana.  The  Messrs.  Louis  represent  one  of  the  very  oldest  firms 
in  their  line  of  business.  They  employ  from  10  to  15  hands,  accord- 
ing to  the  demands  of  trade,  use  an  engine  of  10  horse-power,  and 
throw  upon  the  market  annually  from  ^10,000  to  ^15,000  worth  of 
products,  which  are  sold  in  this  country  and  Europe. 


*  See  Seventh  Annual  Report  of  the  Geological  Survey  of  Indiana,  i^7St  E.  T.  Cox, 
p.  232. 


176  INTERNATIONAL   EXHIBITION,  1876. 


MILLSTONES. 

BY  JAMES  M.  SAFFORD. 

Less  than  a  hundred  years  ago  small  wind-  and  water-mills  for 
grinding  grain  were  very  numerous,  and  the  chief  reliance  for  the 
supply  of  flour  and  meal.  The  stones  for  such  mills  were  principally 
worked  out  of  hard  sandstones  and  conglomerates  (millstone  grits). 
Those  rocks  were  preferred  which  could  supply  a  keen  cutting  sur- 
face, one  hard  and  tough  enough  to  resist  wear  and  to  keep  from 
crumbling,  so  as  to  do  good  work  without  giving  off  a  sensible 
amount  of  sand  or  stony  particles  to  be  mixed  with  the  meals.  A 
good  material  of  the  kind  was  in  great  request,  and  they  were  sought 
for,  in  England  and  in  this  country,  among  the  Palaeozoic  sandstones. 
Of  late  years,  however,  the  milling  business  has  been  conducted  on  a 
very  different  scale.  The  mills  have  largely  become  great  factories, 
requiring  for  their  more  efficient  and  greater  work  heavy  stones  con- 
structed out  of  the  most  suitable  material  attainable.  That  preferred 
is  buhr-stone  or  burr-stone,  a  rock  found  in  the  Tertiary  formations  of 
France,  and  also,  though  generally  not  so  good  in  quality,  in  the 
Carboniferous  of  Ohio  and  the  Tertiary  of  Georgia  and  other  Southern 
States.  The  French  rock  is  described  below.  The  improvements  in 
millstones  have  had  relation  to  the  selection  of  material,  size  and 
strength  of  stones,  nice  fitting  of  parts,  disposition  of  furrows,  bolting 
combinations,  and  general  construction.  These  advances  will  be  par- 
tially illustrated  in  the  notices  to  follow.  The  discussion  of  them 
would  belong,  for  the  main  part,  to  a  treatise  on  milling,  which  it  is 
not  our  purpose  to  write. 

The  exhibits  of  millstones  worthy  of  especial  notice  were  made  by 
citizens  of  France,  Belgium,  England,  Saxony,  and  Norway.  If  there 
were  any  millstones  in  the  Exhibition  from  the  United  States  manu- 
factured out  of  our  own  material,  and  worthy  of  consideration,  they 
escaped  our  observation.  Certainly  no  notice  of  the  presence  of 
such  stones  was  supplied  to  us.  This  is  to  be  regretted,  since  very 
fair  stones,  little  inferior  to  those  of  French  make,  and  undoubtedly 
superior  to  some  brought  to  the  Exhibition  from  Europe,  have  been 
manufactured  from  the  buhr-stone  of  Ohio,  the  weathered  Silurian 
chert  of  Tennessee,  and  from  similar  material  of  other  States,  to  say 
nothing  of  less  valuable  ones  made  from  quartzites,  hard  sandstones, 
granites,  and  other  hard  rocks. 

In  the  matter  of  millstone  material  of  best  quality,  France  still 
bears  the  palm.     This  material  is  the  well-known  cellular  silicious 
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rock  of  the  Paris  basin,  called  buhr-stone,  a  flinty  mass,  often  containing 
fossil  shells,  and  of  a  chalcedonic  nature.  Its  extreme  roughness, 
hardness,  and  strength,  combined  with  its  cellular  character,  give  it 
the  pre-eminence  which  it  enjoys  for  milling  purposes.  The  rock  is 
of  a  grayish  or  whitish  color,  often  with  a  tinge  of  yellow  or  blue. 
Some  pieces  of  the  best  quality  have  a  bluish  tinge.  There  are 
numerous  points,  not  far  from  Paris,  where  the  buhr-stone  is  obtained 
in  quarries  open  to  the  day.  Large  quantities  of  the  rock,  in  pieces 
ox  panes ^  are  carried  to  the  countries  of  Europe  and  America.  Man- 
ufactured millstones  are  also  largely  exported.  The  burr-rock  of  the 
Paris  basin  is  carried  to  all  quarters  of  the  globe,  and  to  nearly  all 
nations  visited  by  the  ships  of  commerce. 

The  French  exhibits  were  placed  in  the  Agricultural  Hall,  the  fol- 
lowing firms  being  well  represented  :  Roger,  Son,  &  Co.,  Bailly  & 
Co..  and  Alexander  Fauqueux,  all  of  whom  are  established  at  that 
important  and  famous  buhr-stone  locality.  La  Ferte-sous-Jouarre, 
Seine  and  Marne. 

The  first  of  these,  Roger,  Son,  &  Co.,  a  firm  founded  in  1802,  made 
an  extensive  and  interesting  display  both  of  millstones  and  dressed 
pieces  of  burr.  The  millstones  were  well  made  and  of  good  finish. 
The  rock-material  of  excellent  quality,  uniform  in  texture  and  color, 
was  from  the  noted  quarries  of  the  company.  This  firm  makes  use 
of  steam-power  in  its  workshops,  and  employs  in  its  quarries  and 
various  departments  of  the  business  about  600  workmen.  It  exports 
to  all  parts  of  the  world,  and,  in  1875,  shipped  to  the  United  States 
alone  3000  tons  of  merchandise,  consisting  of  blocks  of  burr  and 
manufactured  millstones.  Mr.  Roger,  of  this  firm,  deserves  great 
credit  for  what  he  has  successfully  done  towards  the  dressing  of  mill- 
stones with  diamond  tools.  Two  results  have  been  obtained  by  this 
practice :  first,  the  stones  are  well  and  accurately  dressed ;  and,  sec- 
ondly, which  is  the  more  important,  as  it  involves  security  from  dis- 
ease and  the  saving  of  life,  the  workmen  are  not  exposed  to  the  fine 
flinty  and  irritating  dust  which  before  th'ey  necessarily  breathed.  For 
what  Mr.  Rogers  has  done  in  this  direction  he  received  in  June  of  this 
very  year  (1876)  a  prize  of  4000  francs  from  the  Societe  d*Encourage- 
ment  of  France.  The  following  information,  supplied  to  us  by  the 
gentlemen  of  the  French  Commission,  will  explain  the  facts  more  fully : 

"  In  the  manufacture  of  millstones  there  is  a  peculiarly  disastrous 

influence  exerted  upon  the  health  of  the  workmen  employed,  as  they 

are  obliged  to  work  continually  in  a  bent  position,  especially  during 

the  dressing  process.    At  this  time  there  is  a  considerable  quantity 

of  the  dust  of  silex  produced  under  the  blows  of  the  picks,  which, 

12 
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mingling  with  the  air  breathed,  finds  its  way  into  the  lungs  of  the 
workmen.  Consumption  soon  sets  in,  and  these  unfortunate  people 
are  brought  to  an  inevitable  death  at  the  early  age  of  from  thirty  to 
thirty-five  years. 

"  In  1865  the  manufacturers  of  millstones  at  La  Ferte,  under  the 
patronage  of  the  Societe  d'Encouragement,  offered  a  prize  to  any 
person  who  should  discover  the  means  of  preventing  the  mortality 
among  the  workmen.  Monsieur  Roger  solved  the  philanthropic 
problem  by  suggesting  a  mechanical  process  in  the  dressing  of  mill- 
stones. According  to  his  system  the  stones  are  placed  on  a  turning- 
lathe,  and  dressed  by  the  aid  of  diamond  tools  carried  on  disks, 
revolving  with  extreme  rapidity.  The  injurious  dust  resulting  from 
this  operation  is  absorbed  by  an  aspirator,  and  the  lives  of  the  work- 
men are  no  longer  jeopardized. 

"  Moreover,  the  millstones  passing  through  this  mechanical  process 
are  dressed  in  quite  a  mathematical  way.  They  are  turned  out  per- 
fect,— ^the  hole  is  then  cut,  and  the  stones  are  ready  for  immediate  use 
in  the  mills,  where  they  will  at  once  make  good  flour.  This  result 
cannot  be  obtained  from  millstones  dressed  by  hand.  The  mechanical 
process  must,  therefore,  be  considered  a  great  advance,  both  from  an 
industrial  and  a  sanitary  point  of  view." 

The  Messrs.  Bailly  &  Co.,  a  house  of  more  than  thirty  years' 
standing,  exhibited  among  other  millstones  a  pair  of  stones  to  which 
they  directed  especial  attention.  Of  this  pair,  the  runner  (A),  of 
bluish  buhr-stone,  was  from  La  Justice  quarry ;  and  the  bedstone  (B), 
from  le  Bois  des  Chesneaux.  These  millstones  were  peculiar,  in  being 
made  up  of  small  but  choice  pieces.  We  are  informed  by  Messrs. 
Bailly  &  Co.  that  "these  sorts  of  stones  are  only  to  be  found  in  small 
and  thin  pieces  or  blocks.  Notwithstanding  this  undeniable  fact,  the 
making  up  of  millstones  out  of  these  blocks  is  so  carefully  attended 
to,  the  cementing  together  and  the  backing  with  Portland  cement 
give  them  so  much  strength,  and  finally  the  nature  of  the  stone  re- 
sists wear  so  well,  that  in  a  well-managed  mill  these  stones  will  last 
a  great  length  of  time,  provided  care  be  taken  to  frequently  dress 
them  in  a  delicate  manner  with  mill-bills,  well  filed  and  worked  by 
experienced  hands.  In  countries  where  the  latter  cannot  be  easily 
found,  the  best  course  would  be  to  dress  the  millstones  with  diamond 
dressing-machines.  In  using  these  the  millstones  will  keep  in  a  sound 
state,  will  not  wear  out  so  rapidly,  and  therefore  will  last  much 
longer."  The  two  millstones,  A  and  B,  had  been  dressed  and  finished, 
ready  for  work,  by  the  Rotative  Diamond  Automatic  Universal  Ma- 
chine of  Mr.  A.  Millot,  of  Zurich,  Switzerland,  which  the  Messrs. 


GENERAL   REPORT  OF  THE   JUDGES  OF  GROUP  I.  ly^ 

Bailly  &  Co.  regard  as  the  most  perfect  machine  of  the  kind.  While 
not  depreciating  the  buhr-stone  from  other  quarries,  these  gentlemen 
claim  that  the  small  blocks  from  the  quarries  of  La  Justice  and  Bois 
des  Chesneaux,  such  as  are  used  in  the  building  up  of  the  millstones 
mentioned,  are  of  unequaled  quality. 

For  the  sake  of  the  general  information  contained,  we  give  below  the 
table  of  prices  current  of  Bailly  &  Co.  for  millstones  and  burr-blocks: 
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Jouarre,  of  superior  (quality,  from  the  quar- 
ries of  Justice  and  Bois  des  Chesneaux,  and 
similar  to  those  exhibited  at  the  Philadel- 
phia Exhibition,  under  the  marks  A  and  B. 
Millstones  dressed  and  well  finished :  per 
pair 

2d.  Solid  Millstones,  in  one  block,  of  various 
diameters,  from  x  foot  to  4  feet  6  inches. 
Not  being  dressed  or  finished,  and  of  the 
same  (quality  as  those  exhibited  at  the  Phil- 
adelphia Exhibition,  under  the  marks  C  D ; 
each 
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3d.  French  manufiictured  Millstones,  of  good 
quality,  from  the  quarries  of  Epernon,  Boi- 
tron.  etc.,  and  equal  in  Quality  to  the  Burr- 
blocKS  exhibited  at  the  Philadelphia  Exhi- 
bition, under  the  marks  E  and  F. 
Millstones  dressed  and  well  finished ;  per 
pair 

4th.  Burr-blocks,  from  the  quarries  of  Boi- 
tron,  Mennecy,  etc..  similar  to  those  exhib- 
ited at  the  Philadelphia  Exhibition,  under 
the  marks  E  and  F;  per  X04  burrs  faced 
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No  duty. 


Payable  by  drafts  on  Paris  at  sixty  days*  sight  from  date  of  orders. 


Mr.  Alexander  Fauqueux  exhibited,  through  his  agents.  Blake 
&  Walton,  of  Philadelphia,  a  number  of  well-dressed,  well-jointed  and 
finished  millstones,  together  with  a  suite  of  burr-blocks.     It  is  suffi- 
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cient  to  say  that  the  stone  of  these  was  also  from  the  quarries  of  La 
Fcrtc-sous-Jouarre. 

Among  the  French  exhibits  of  millstones,  the  Bolting  Millstone 
OF  AuBiN  (Aubin  &  Barron,  millers,  Bouray  St  Vaux,  near  Paris) 
attracted  no  little  attention.  This,  as  the  name  implies,  is  a  machine 
combining  both  grinding  and  bolting  apparatus.  Its  consideration 
hardly  belongs  here,  as  it  is  properly  classed  with  other  bolting  con* 
trivances ;  nevertheless,  since  it  was  placed  among  the  millstones,  we 
shall  briefly  notice  its  form  and  the  results  sought  to  be  obtained  by 
its  use. 

This  invention  was  patented  August  31,  1S75,  and  has  been 
honored  by  the  bestowal  of  two  gold  medals,  the  last  from  the 
French  Society  of  Agriculture,  in  June,  1876.  In  a  pair  of  millstones 
arranged  for  the  Aubin  bolting  process,  the  upper  stone  or  runner 
does  not  differ  from  the  ordinary  kind,  the  modification  being  con- 
fined to  the  bedstone.  In  the  latter,  the  furrows  are  on  the  radiating 
system,  but  every  other  furrow  is  replaced  by  an  opening  of  the 
same  shape,  into  which  is  fitted  a  cast-iron  box  covered  with  wire- 
cloth  that  acts  as  a  sieve.  These  boxes  are  made,  by  suitable  contri- 
vances, to  receive  slight  vibratory  shocks  as  the  stone  turns,  which, 
with  the  assistance  of  a  draft  of  air,  causes  the  fine  flour  to  pass 
through  them  to  the  receiving  floor  below.    The  following  figure 


represents  the  plan  of  the  Aubin  bedstone.    T,  T,  T,  are  the  cast- 
iron  boxes  with  their  coverings  of  wire-cloth.     These  bolting-stones 
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are  now  used  in  several  of  the  most  important  mills  around  Paris. 
The  following  results  are  claimed  for  the  invention : 

"  1st.  A  very  great  economy  of  motive-power  required  to  grind 
the  same  quantity  of  grain  in  the  same  space  of  time,  as  the  flour  as 
soon  as  made  need  not  travel  to  the  edge,  but  falls  through  the  me- 
tallic sifting-cloth,  thereby  enabling  the  grinding  of  more  grain  with 
the  same  power. 

**  2d.  A  superior  flour  is  obtained,  from  the  fact  of  its  not  being 
uselessly  heated  and  exhausted  by  the  stone,  which  it  leaves  as  soon 
as  made. 

•'  3d.  The  bran,  coming  out  at  the  periphery  without  being  mixed 
with  the  flour,  is  better  cleansed,  and  consequently  comes  out  lighter. 

"4th.  Producing  a  greater  quantity  of  flour,  and  also  a  diminution 
of  refuse  grain  for  regrinding.  Besides,  a  certain  saving  in  weight 
from  less  evaporation,  consequent  upon  less  overheating." 

In  the  early  part  of  1875,  Mr.  J.  A.  Barral,  Secretary  of  the  Cen- 
tral Society  of  Agriculture  of  France,  made  a  report  in  reference 
to  the  Aubin  bolting  millstone,  which  is  very  commendatory.  The 
following  is  from  the  first  page  of  this  report : 

"We  have  been  for  several  years  aware  that  Mr.  Aubin,  in  his  mills 
at  Bouray,  had  adopted  a  new  process  of  milling,  which,  if  success- 
ful, would  constitute  one  of  the  greatest  improvements  recorded  in 
the  production  of  flour  for  a  long  time.  Learning  that  the  invention 
had  been  brought  to  a  degree  of  mechanical  and  practical  perfection, 
we  visited  the  mills  at  Bouray.  Mr.  Aubin  very  kindly  gave  us  a 
perfect  and  complete  insight  into  the  process,  with  which  we  were 
so  highly  pleased  that  we  deem  it  our  duty  to  make  a  report  which 
cannot  fail  to  interest  all  concerned  in  the  public  sustenance.  A  few 
words  will  suflice  to  explain  the  object  sorught  by  the  invention. 
When  the  grain  of  wheat  is  crushed  between-  the  bedstone  and  the 
runner,  the  bran  and  flour  remain  together  between  the  two,  until  the 
whole  is  ejected  by  centrifugal  force  along  the  furrows  of  the  bed- 
stone, to  the  edge;  the  whole  of  the  bran  and  flour  must  then  be 
subjected  to  bolting  and  regrinding.  Is  it  not  evident  that  at  a  short 
distance  from  the  centre  there  is  a  certain  quantity  of  flour  already 
formed  which  will  be  uselessly  carried  to  the  edge,  sticking  and  often 
greasing  the  roughness  of  the  stone,  which  has  to  be  so  carefully  and 
frequently  dressed  ?  A  part  of  the  motive-power  is  thus  wasted,  and, 
besides,  all  the  meal  remains  blended,  which  prevents  the  brans  from 
having  that  lightness  which  they  would  otherwise  have.  To  cause 
the  separation  of  the  flour  from  the  bran  as  fast  as  it  has  reached  the 
required  state  of  fineness,  and  that  the  bran  may  be  entirely  separated 
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on  its  exit  at  the  periphery  of  the  stones,  is  the  problem  whi<ih  Mr. 
Aubin  has  solved  in  a  most  remarkable  manner." 

Mr.  Dassonville  de  St.  Hubert,  Namur,  Belgium,  exhibited  an 
excellent  pair  of  millstones  for  grinding  wheat.  These  were  built  of 
French  burr,  from  the  quarries  of  La  Ferte-sous-Jouarre.  Each  had 
a  diameter  of  1.40  metres,  and  consisted,  of  a  central  octagonal  piece, 
to  the  perimeter  of  which  were  adjusted  sixteen  pieces  of  uniform 
shape.  The  especial  merit  of  the  stones  consisted  in  the  accurate 
fitting  of  the  pieces,  the  joints  being  scarcely  seen,  and  in  the  fact 
that  the  joints  between  the  outer  pieces  lay  in  the  grooves  of  the 
stone.  The  latter  feature  is  doubtless  a  good  one,  as  it  secures  a  uni- 
form working  face  without  joints.  It  is  claimed,  with  good  reason, 
that  this  makes  the  stone  more  durable,  and  contributes  to  the  re- 
liability of  its  work,  A  pair  of  these  millstones  can  be  sold  for  700 
francs.  The  same  gentleman  exhibited  a  pair  of  stones  (each  stone 
of  one  piece)  for  grinding  such  materials  as  Portland  cement.  These 
were  of  Belgian  burr  or  rock,  from  the  province  of  Namur.  Stones 
of  the  kind  are  highly  esteemed  for  the  purpose  mentioned.  They 
can  stand  more  heat  without  flying  to  pieces  than  those  manufactured 
at  other  points.  They  are  extensively  sold  in  Germany,  France,  Eng- 
land, and  Belgium,  and  principally  to  the  manufacturers  of  cement. 
This  establishment  employs  about  170  men,  and  turns  out  about  600 
pairs  of  stones,  the  business  amounting  to  420,000  francs  yearly. 

From  Norway  there  were  two  different  exhibits  of  millstones. 
Mr.  Fred.  Lonseth,  Christiania,  exhibited  specimens  of  the  Saelbo 
millstones.  These  are  cut  in  one  piece,  out  of  the  celebrated  Saelbo 
mica-schist,  which  is  garnetiferous.  The  surface  of  the  stone  was 
studded  with  small  garnets,  and  the  rock  hard  and  strong.  For 
coarse  work  fhis  would 'answer,  doubtless,  a  good  purpose. 

The  Christiania  Millstone  Factory  exhibited  four  millstones 
made  of  French  buhr-stone.  This  factory  was  established  in  1867, 
by  L.  Bertol.  The  imported  material  is  put  together  and  the  mill- 
stones constructed  with  reference  to  their  particular  use  in  Norway 
and  Sweden. 

To  the  millstones  of  French  burr  must  be  added  two  large  and 
well-constructed  millstones  manufactured  by  Kay  &  Hilton,  Liver- 
pool,  England,  and  displayed  in  the  Agricultural  Hall.  This  firm  also 
exhibited  a  large  shelling-stone,  worthy  of  note.  It  was  made  in  one 
piece  out  of  a  coarse  quartzose  sandstone. 

A  pair  of  large  millstones  were  also  on  exhibition  in  the  Machinery 
Hall,  from  the  house  of  Israel  Brothers,  Dresden,  Saxony,  Each 
was  a  single  piece.     They  were  commended  for  size  and  good  quality. 
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GRINDSTONES  AND  FIXTURES. 

BV  JAMES  M.  SAFFORD. 

The  grindstone  is  an  implement  of  great  antiquity,  an  heirloom  of 
the  past, — one  which,  for  its  special  work,  modern  mechanism,  with 
all  its  new  appliances  and  processes,  has  not  been  able  to  super-  . 
sede.     It  has  always  been  a  "  round  revolving  stone."     Nevertheless, 

the  grindstone  which  satisfied  

our  ancestors  would  rarely  be 
acceptable  to  a  modern  skilled 
machinist.  It  is  required  now, 
more  than  ever,  that  the  stone 
be  of  a  character,  as  to  uniform 
composition,  grain,  porosity, 
hardness,  bite,  strength,  and 
size,  best  suited  to  the  particu- 
lar use  in  view.  A  stone  good 
for  one  purpose  is  often  quite 
inefficient  for  another;  and  Eu- 
rope and  a  good  part  of  the 
United  States  have  been  pretty 
well  searched  over  for  grits 
of  various  kinds  respectively 
adapted  to  the  many  and  va- 
ried demands  of  the  mechanic 
arts.  It  is  required  also  that  [P""* 
the  grindstone  be  accurately 
mounted  and  dressed.  The  best  are  turned  in  a  lathe  by  means  of 
iron,  steel,  or  diamond  tools,  and  thus  made  perfectly  true. 

The  utility  and  importance  of  the  grindstone  "could  not  be  guessed 
at  by  one  looking  at  a  crooked  and  badly-kept  stone.  But  in  the 
hands  of  those  who  know  its  merit,  with  its  even  surface  running  as 
true  as  any  turned  wheel,  it  will  perform  work  with  a  rapidity  and 
precision  attainable  by  no  other  means.  In  the  hands  of  those  who 
are  learned  in  its  use  and  keeping,  it  is  capable  of  adaptation  to.  intri- 
cate and  fine  work;  but  with  those  who  do  not  understand  it,  it  is  rude, 
and  the  very  opposite  of  what  the  educated  craftsman  would  select 
for  any  purpose  of  fine  employment.  It  alone  can  shape  expeditiously 
that  which  is  prepared  to  cut  and  shape  all  other  hard  materials — cast- 
steel  hardened.  It  is  still  employed  to  give  the  finest  edge,  the  most 
even  surface,  the  brightest  polish,  and  is  the  quickest  to  accomplish 
it.    The  emery-wheel  does  but  a  few  of  its  purposes,  and  nothing  that 
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we  have  could  supply  its  place.  The  file  has  its  own  peculiar  uses, 
but  in  contact  with  the  grindstone  its  thousand  small  cutting  edges 
would  be  reduced  to  polished  plainness.  It  is  found  a  necessary  im- 
plement on  the  farm,  and  is  still  required  where  the  finest  of  instru- 
ments are  made,  or  the  hardest  of  metals  are  worked." 

The  most  approved  grindstone  grits  of  Europe  and  America  were 
represented  at  the  Exhibition.  Most  of  the  best  in  use  in  Great 
Britain,  Canada,  and  the  United  States  were  exhibited  collectively  in 
a  complete  and  remarkable  display  of  grindstones  made  by  Mr.  J.  E. 
Mitchell,  of  Philadelphia,  Pennsylvania.  This  enterprising  gentleman 
had  exhibits  in  Machinery  Hall,  the  Main  Building,  Agricultural  Hall, 
and  the  Shoe  and  Leather  Building.  The  most  striking  display  was 
fittingly  in  Machinery  Hall.  Grindstones,  mounted  or  unmounted, 
are  considered  homely  objects,  hardly  deserving  room  where  pieces 
of  mechanism  are  sought  to  be  arranged  in  groups  attractive  to  the 
eye.  Here,  however,  the  energy  and  taste  of  Mr.  Mitchell  had  erected 
out  of  the  homely,  unmounted  stones  a  beautiful  Tuscan  column,  26 
feet  in  height,  with  pedestal  and  capital,  well  proportioned,  and  se- 
curing the  attention  of  all  passers-by.  This  column  was  a  pile  of 
grindstones,  all  of  which  had  been  accurately  turned  by  improved 
methods.  They  were  of  different  and  pleasing  shades  of  color,  and 
placed  flatwise,  one  upon  another.  The  column  displayed  nearly 
forty  varieties  of  machinists*  grindstones  from  different  parts  of  the 
world,  of  which  the  following,  including  the  names  and  particular 
uses  of  the  stones  and  the  localities  from  which  the  crude  material 
was  derived,  is  a  list : 


Constitution,  building,  Ohio. 

Constitution,  for  tools,     " 

Huron,  fine  blue,  Michigan. 

Constitution,  saws,  Ohio. 

St.  Genevieve,  tools,  Missouri. 

Macomb,  tools,  Kentucky. 

Huron,  tools,  Michigan. 

Huron,  coarse  gray,  Michigan. 

Independence,  files,  Ohio. 

Amherst,  blue, 

Amherst,  gray, 

Berea,  tools, 

Massillon,  files. 

Constitution,  saws. 

Marietta,  tools. 

Ragged  Reef,  tools.  Nova  Scotia. 

Wilbur,  tools, 

Buddros,  springs, 

Bay  Chaleur,  cutlery,  New  Brunswick. 


« 


« 
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Bay  Chaleur,  whitening,  New  Brunswick. 
Lower  Cove,  tools,  Nova  Scotia. 
Shediac,  tools.  New  Brunswick. 
French,  white,  tools,  France. 
French,  red,  cutlery,       ** 
Saxon,  white,  cutlery.  Saxony. 
Yorkshire,  files,  England. 
Melling,  white,  tools,  England. 
Melling,  red,  tools, 


«t 


« 


tt 


tt 


it 


tt 


Normanton,  tools, 

Whitening,  cutlery, 

Thriburg,  tools, 

Derbyshire,  files, 

Yorkshire,  tools, 

New  Castle,  machine- work,  England. 

New  Castle,  files. 

New  Castle,  tools. 

Constitution,  gray,  Ohio. 

Amherst,  bufT,  *• 


«i 
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In  addition  to  these,  and  placed  around  the  pedestal  of  the  column, 
were  five  sizes  of  grindstones  in  cast-iron  boxes,  with  rests  and  pul- 
leys, finished  and  ready  for  use ;  one  double-hung  fixture,  with  two 
grindstones,  one  coarse-  and  the  other  fine-grained,  adjusted  to  keep 
perfectly  true ;  five  sizes  in  wood  frames  ready  for  use ;  and  twenty 
grindstones  from  looo  to  4000  pounds  each,  of  various  grits,  and 
turned  accurately  true.  Besides  these  there  were  oil-stones>  lathe- 
stones,  and  other  sharpening  materials.  In  the  other  buildings  men- 
tioned this  display  was  supplemented  by  exhibits  of  grindstones  for 
farmers',  glass-cutters*,  cutlers*,  and  dentists'  uses;  of  clearing-,  rub-, 
scouring-,  and  fiddling-stones ;  and  of  scythe-,  oil-,  whet-,  and  pol- 
ishing-stones  and  materials  in  variety,  and  of  the  best  quality.  The 
establishment  which  supplied  this  instructive  display  was  started  in 
Philadelphia  about  the  year  18 10,  by  James  Mitchell,  at  the  junction 
of  Fourth  Street  and  the  old  "  York  Road."  The  buildings  erected 
at  that  time  are  still  in  existence,  and  occupied  by  J.  E.  Mitchell,  the 
son  and  successor  of  James  Mitchell,  who  died  in  1851.  These  build- 
ings have  since  been  largely  increased  in  size,  and  a  large  factory  has 
been  erected  on  Beach  Street,  above  Green,  in  which  the  manufac- 
ture of  grindstones  and  grindstone-fixtures  is  carried  on  extensively 
by  the  aid  of  steam-power  and  large  lathes,  on  which  the  stones  are 
turned  off  perfectly  true  and  ready  for  use  by  means  of  improved 
tools  and  patented  machinery.  A  grindstone  of  5000  pounds  can  be 
adjusted  on  the  shaft  and  made  perfectly  true  in  a  short  time.  Small 
grindstones,  through  the  agency  of  a  patent  machine,  are  made  with 
great  speed  and  perfection  and  at  a  small  cost.  Gangs  of  saws  are 
attached  to  the  steam-power,  by  means  of  which  the  broken  and 
damaged  grindstones  are  sawed  into  slabs  of  various  thicknesses, 
which  are  placed  in  a  cutting-machine,  which  makes  them  into  grind- 
stones at  the  rate  of  seven  in  ten  minutes.  These  are  used  by  cutlers 
for  grinding  table-knives,  razors,  etc.  A  harder  stone  is  imported 
from  Europe  in  blocks,  which  are  also  sawed  in  slabs  of  one  inch 
thick  and  made  into  the  famous  Craigleith  wheels,  the  only  article  yet 
discovered  which  will  cut  glass  satisfactorily.  The  beautiful  cut- 
work  on  wine-glasses,  decanters,  globes,  and  the  delicate  tracery  and 
landscape  on  the  plate-glass  vestibule-doors,  are  done  with  this  stone. 
Mr.  Mitchell  employs  from  1 5  to  20  men.  The  value  of  the  annual 
production  is  about  ^6o,cxx).  The  products  are  sold  mainly  in  Penn- 
sylvania and  the  adjoining  States.  The  rock-material  used  is  derived 
from  many  and  distant  localities,  but  Ohio,  the  British  Provinces,  and 
England  are  the  chief  sources.  It  is  mainly  from  strata  of  Carbon- 
iferous sandstones, — the  Lower  Carboniferous  in  Ohio  and  Huron, 
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Michigan,  and  the  Upper  in  the  British  Provinces  and  England.  The 
following  summary  of  the  kinds,  localities,  etc.,  is  supplied  by  Mr. 
Mitchell : 

ENGLISH  GRINDSTONES. 

New  Castle. — Yellow  color  and  sharp  grit ;  the  fine  sort  ones  for 
grinding  saws,  and  the  coarser  and  harder  ones  for  sad-irons  and 
springs,  pulleys,  and  shafting  (instead  of  turning),  and  for  bead-  and 
face-stones  in  nail-works,  and  for  castings  (dry  grinding). 

WiCKERSLY. — Grayish-yellow  color;  for  grinding  saws,  squares, 
bevels,  and  cutlers'  work  generally.  A  very  soft  grit  to  avoid  taking 
out  the  temper. 

Liverpool  (or  Melling). — Of  a  red  color  and  very  sharp  grit ;  for 
saws  and  edge-tools  generally.  An  excellent  grit  for  sharpening  axes 
in  ship-yards. 

Nova  Scotia. — Blue  or  yellowish-gray  color,  and  of  all  grits,  from 
the  finest  and  hardest  to  the  coarsest  and  softest ;  the  large  ones  for 
grinding  sad-irons  and  hinges,  springs  and  edge-tools ;  the  medium 
and  small  sizes  for  machine-shops  and  for  sharpening  edge-tools 
generally. 

Bay  Chaleur  (New  Brunswick). — Of  a  uniform  blue  color  and  soft, 
sharp  grit;  for  manufacturing  table-cutlery,  admirably  adapted  for 
machinists'  tools,  and  for  sharpening  edge-tools  generally,  when  a 
fine  edge  is  required. 

OHIO. 

Berea. — White  color,  fine  and  sharp  grit;  for  sharpening  edge- 
tools  generally. 

Amherst  (Black  River). — Brownish-white  color,  soft,  loose  grit; 
for  edge-tools,  and  the  very  soft  ones  for  saws. 

Independence. — Grayish-white  color,  and  coarse,  sharp  grit;  for 
grinding  springs  and  files,  and  for  dry  grinding  of  castings. 

Massillon. — Yellowish-white  color,  coarse,  sharp  grit ;  for  edge- 
tools,  springs,  files,  and  nail-cutters'  face-stones,  and  for  dry  grinding 
of  castings. 

Huron  (Michigan). — Of  a  uniform  blue  color,  and  fine,  sharp  grit ; 
good  for  sharpening  tools  when  a  very  fine  edge  is  required. 

Glass-Cutters'  Grindstones,  of  New  Castle,  Warrington,  Craig- 
leith,  and  Yorkshire  grits ;  for  checkering,  mitering,  fluting,  and  for 
punty-stones. 

Cutlers'  Grindstones,  of  New  Castle,  Nova  Scotia,  and  Wick- 
ersly  grits ;  made  to  order,  of  any  size. 

Shank  Stones  ;  for  table-cutlery. 
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Curriers'  Rubstones,  of  New  Castle,  Nova  Scotia,  and  Ohio  grits ; 
for  first  and  second  stones ;  and  Scotch  Water  of  Ayr,  Welsh,  and 
Hindostan,  for  clearing-stones. 

Scythe-,  Oil-,  and  Whetstones. — Ouachita,  Arkansas,  Orange,  and 
Scotch  Water  of  Ayr  stones  and  hones,  of  all  shapes.  Shoemakers' 
rubbers,  and  scythe-stones  of  all  sizes. 

Grindstones  are  hung  by  Mr.  Mitchell  on  a  round  wrought-iron 
shaft  passing  through  a  round  eye.  A  screw  is  cut  on  the  shaft  and 
fitted  with  a  heavy  nut,  by  means  of  which  two  iron  plates  are  made 
to  press  against  the  sides  of  the  stone.  By  this  arrangement  the  stone 
is  held  by  pressure  and  friction  alone,  thus  relieving  the  eye  from  all 
strain,  and  very  much  diminishing  the  tendency  to  burst,  besides  ad- 
mitting of  nice  adjustment.  This  method  is  a  great  improvement  on 
the  old  style  of  hanging  the  grindstone  on  a  square  shaft  wedged  into 
a  square  hole,  whereby  the  risk  of  bursting  is  greatly  enhanced. 
Credit  is  due  for  the  character  of  the  boxes  in  which  the  stones  are 
hung.  These  are  made  with  cast-iron  sides,  bolted  against  a  galvan- 
ized iron  plate,  making  a  light  yet  strong  box,  at  the  minimum  cost. 
In  addition,  the  excellent  finish  of  the  grindstones  by  means  of  patent 
stone-turning  tools,  and  the  adaptation  of  the  grain  or  grit  of  the 
stones  for  the  purposes  intended,  are  points  worthy  of  honorable 
mention. 

Messrs.  Worthington  &  Sons,  North  Amherst^  Ohio, 

This  firm  exhibited  a  large,  massive,  and  tasteful  pyramid  made  of 
thirty  grindstones,  the  heaviest  of  which,  at  the  base, — No.  i, — was 
80  by  I3j^  inches.  Nos.  2  and  3,  counting  from  the  bottom,  were 
each  75  by  12  inches.  From  these  the  grindstones  of  the  pyramidal 
pile  decreased  regularly  in  diameter,  the  one  at  the  top  being  only  6 
inches  across.  The  stones  were  of  different  sizes  and  grits,  graded 
for  various  uses.  Commencing  at  the  bottom  of  the  pyramid,  the 
purposes  for  which  the  larger  ones  were  respectively  intended  are  as 
follows :  the  grinding  of  springs,  axes  before  tempering,  axes  after 
tempering,  saws,  tools,  cutlery  and  tobacco-knives,  machine-shops, 
planer-knives ;  then  a  set,  from  40  down  to  30  inches  in  diameter, 
for  mechanics'  and  farmers*  use.  These  grindstones  were  principally 
from  the  celebrated  quarries  of  Amherst,  Ohio.*    Some  of  the  smaller 


*  The  Amherst  stone,  as  well  as  that  quarried  at  North  Amherst,  Berea,  Independence, 
and  other  points  in  this  portion  of  Ohio,  famous  not  only  for  grindstones  but  as  a  building- 
material  as  well,  is  obtained  from  a  bed  of  sandstone  about  60  feet  thick,  at  typical  locali- 
ties, and  named  in  the  Ohio  Geological  Reports  the  Berea  grit.     It  is  a  member  of  the 
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ones,  including  specimens  of  superior  scythe-stones,  came  from  Huron 
County,  Michigan.  The  quarries  of  this  stone  are  near  or  on  the 
shores  of  Lake  Huron.  These  gentlemen  had  on  exhibition  other 
grindstones  of  great  size.  Their  works,  which  include  the  business 
of  quarrying  and  supplying  building-stones,  located  at  Amherst  and 
Brownhelm,  Ohio,  can  supply  annually  10,000  tons  of  grindstones, 
and  300,000  cubic  feet  of  building-stone.  They  employ  450  persons, 
who  are  provided  with  comfortable  houses  in  a  healthy  location,  with 
access  to  good  schools.  The  value  of  the  annual  production  is 
^1300,000,  the  products  finding  a  market  in  the  United  States  and 
Canada. 

The  Amherst  Stone  Company,  Cleveland^  Ohw, 

Six  large  grindstones  were  exhibited  from  the  quarries  of  North 
Amherst.  The  rock  from  which  they  were  made  is  a  pure  sand- 
stone, of  good  grit,  free  from  oxide  of  iron,  mica,  and  calcareous 
matter,  making  it  refractory  and  weather-proof.  "  By  the  Government 
test  the  strength  of  the  rock  is  from  6000  to  10,000  pounds  to  the 
square  inch.'* 

The  Worthorst  Company,  Massillon,  Ohio, 

A  very  good  and  ornamental  display  of  building-stone.  In  this 
group  the  same  firm  exhibited  two  grindstones — one  for  wet  and  the 
other  for  dry  grinding — as  specimens  of  their  grits,  the  merits  of 
which  are  acknowledged  by  machinists.  The  quarry  of  this  company 
is  within  the  city  limits  of  Massillon.  The  stratum  supplying  the  ma- 
terial presents  an  available  working-face  of  nearly  40  feet,  and  lies  just 
above  the  first  bed  of  coal.  From  75  to  150  men  are  employed. 
About  2500  tons  of  grindstones,  with  very  many  car-loads  of  building- 
stones,  are  annually  shipped  off.  The  Massillon  rock  is  of  coarse, 
porous  texture,  sharp  grit,  and  varies  in  hardness,  No.  1  being  the 
softest  and  No.  4  the  hardest.  Nos.  I  and  2  are  used  for  dry  grind- 
ing. The  stones  of  this  company  are  mostly  used  by  plow,  stove,  and 
sad-iron  manufactories,  spring-  and  file-grinders,  and  rail-mills.  Upon 
analysis  the  rock  is  found  to  consist  of  96  per  cent,  silica,  the  small 
percentage  of  impurity  being  alumina  and  iron  oxide.  It  is  tender 
when  green  from  the  quarry,  but  hardens  upon  exposure. 


Waverly  series.  A  full  description  of  this  rock,  together  with  its  geological  and  economic 
relations,  may  be  found  in  the  above-mentioned  Reports,  yo\,  ii.,  Geology,  pp.  88  and  3i6- 
219.    The  Huron  rock  of  Michigan  lies  in  the  same  geological  horizon. 
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C.  B.  Wells,  Marietta^  Ohio. 

These  were  small  grindstones  placed  in  the  Ohio  geological  collec- 
tion, and  made  of  the  sandstone  known  as  "  Constitution  stone,"  also 
used  as  a  building-material,  and  commended  for  its  attractive  color, 
fine  and  uniform  grain,  and  strength. 

In  addition  to  the  above,  there  were  exhibits  of  grindstones — gen- 
erally of  limited  extent — from  Indiana,  Illinois,  and  other  States,  also 
from  Brazil,  Canada,  England,  Germany,  Sweden,  and  Spain,  together 
with  small  hand  specimens  of  grits  from  other  countries.  Nearly  all 
of  the  grindstones  had  some  merit  to  recommend  them,  and  received 
favorable  reports. 

Kay  &  Hilton,  Liverpool^  England. 

Two  stones,  one  of  superior  quality  for  fine  edge-tools,  the  other 
suitable  for  coarser  work. 

The  Gottland  Grindstone  Company,  Burgsvick,  Sweden. 
J.  W.  Klintberg  &  Co.,  Wisby,  Sweden. 

From  Sweden  came  a  lot  of  grindstones,  mounted  and  unmounted. 
The  rock  out  of  which  they  were  manufactured  is  of  even  texture  and 
good,  sharp  grit.  The  Gottland  Grindstone  Company  began  work 
in  1873,  and  have  annually  manufactured  grindstones  amounting  in 
value  to  ;p  1 6,600  in  gold.  The  stones  are  exported  to  Denmark, 
Finland,  Russia,  and  Germany.  A  grindstone  for  coarse  work,  from 
Lugnas,  Sweden,  was  placed  in  the  Exhibition  by  Karlson,  Gust,  & 
Martin.  Such  stones  find  a  market  in  Sweden  and  the  eastern  part 
of  Norway. 

EMERY  AND   CORUNDUM. 

BY  JAMES  M.  SAFFORD. 

There  were  commendable  displays  of  crude  and  prepared  emery 
and  corundum  in  the  Exhibition,  the  material  coming  from  Greece, 
Turkey,  and  the  United  States.  We  shall  refer  to  the  particular 
exhibits  presently. 

As  a  matter  of  commercial  importance,  the  use  of  emery  and  corun- 
dum as  abrading  materials  is  a  development  of  the  century  which  has 
just  closed.  The  lapidaries  of  the  Greeks  and  Romans  in  all  proba- 
bility employed  the  emery  of  Asia  Minor  in  cutting  hard  stones,  in 
which  they  had  no  little  skill ;  but  the  quantity  used  by  them,  and 
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by  those  who  followed  them  for  hundreds  of  years,  is  insignificant  in 
comparison  with  the  many  tons  annually  used  now.  For  several  cen- 
turies before  the  year  1846  emery  was  supplied  to  the  arts  almost 
entirely  from  Naxos,  an  island  of  the  Grecian  Archipelago.  It  was 
easily  obtained  here,  and  of  good  uniform  quality.  About  the  year 
1800  the  price  was  from  J840  to  $^0  per  ton,  and  between  1820  and 
1835  at  times  even  less.  At  this  period  "  the  monopoly  of  the  Naxos 
emery  was  purchased  from  the  Greek  Government  by  an  English 
merchant,  who  so  regulated  the  quantity  given  to  commerce  that  the 
price  gradually  rose  from  |!40  to  $140  per  ton,  a  price  at  which  it  was 
sold  in  1846  and  1847."  ^^  ^^^  latter  part  of  1846  and  the  early  part 
of  1847,  Dr.  J.  Lawrence  Smith  commenced  examining  and  develop- 
ing the  emery  formation  of  Asia  Minor,  until  then  unknown.  His 
discoveries  and  developments  had  very  soon  a  great  effect  upon  the 
trade  in  emery.  It  began  to  assume  for  the  first  time  commercial 
importance, — an  importance  that  has  ever  since  been  growing  greater 
from  the  impetus  then  given.  Dr.  Smith  made  a  report  to  the  Turkish 
Government;  the  monopoly  of  the  emery  of  Turkey  was  sold  to  a 
mercantile  house  in  Smyrna ;  and  the  price,  in  the  English  market, 
fell  immediately  to  $$0  and  $70  per  ton,  according  to  the  quality.  At 
the  present  the  price  is  three  or  four  dollars  less  than  this.  In  1848 
the  annual  consumption  was  about  1500  tons;  now  it  is  not  far  from 
5000  tons.     Most  of  the  crude  emery  is  shipped  directly  to  England. 

The  researches  of  Dr.  Smith  ia  Asia  Minor  not  only  gave  commer- 
cial life  to  the  emery  trade  in  the  East,  but  the  facts  that  he  observed 
have  led  to  other  important  results.  As  one  of  these,  we  may  men- 
tion the  discovery  of  the  emery  vein  of  Chester,  Massachusetts.  Dr. 
Charles  T.  Jackson,  who  was  the  principal  agent  in  making  known 
the  vein,  says,*  "  I  found  that  the  minerals,  margarite  and  chloritoid 
(collected  at  the  locality),  in  talcose,  hornblende,  and  mica  slate  rocks, 
indicated  the  occurrence  of  emery,  the  association  of  the  rocks  and 
minerals  being  identical  with  conditions  known  to  exist  in  the  locali- 
ties of  emery  in  Asia  Minor."  These  "  conditions"  being  appreciated 
by  Dr.  Jackson  and  recognized  at  Chester,  caused  him  to  persevere 
until  the  vein  was  found. 

In  July,  1850,  Dr.  Smith  read  a  very  important  memoir  on  emery 
before  the  Academy  of  Sciences  of  the  French  Institute,  the  substance 
of  which  was  based  on  his  observations  in  Asia  Minor.f  In  this  are 
given  the  localities  of  emery  in  Asia  Minor  and   the   neighboring 

*  American  youmal  of  Science^  2d  Series,  vol.  xxxix.  p.  87. 

f  Published  in  the  American  Journal  of  Science,  2d  Scries,  vol.  x.  p.  354,  and  vol.  xi. 
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islands,  conclusions  with  reference  to  the  geology  of  emery,  its  min- 
eralogical  position  and  characteristics,  chemical  composition,  the 
method  of  mining,  commercial  relations,  and,  in  a  second  part,  an 
article  on  the  minerals  associated  with  emery.  We  do  not  propose 
to  reproduce  this  matter  further  than  we  have  already  done,  and 
would  refer  the  reader  to  the  memoir.  In  a  subsequent  article  on 
the  emery  mine  of  Chester,*  Dr.  Smith  gives  a  tabular  statement  of 
the  analyses,  hardness,  and  specific  gravity  of  specimens  of  emery 
and  corundum,  most  of  which  he  had  published  before.  This,  as 
arranged  in  Dana's  System  of  Mineralogy^  is  here  presented.  The 
column  of  hardness  (H)  gives  the  effective  abrasive  power  of  the 
powdered  mineral,  that  of  sapphire  being  100,  determined  according 
to  the  method  described  by  Dr.  Smith  in  his  memoir. 
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The  localities  Kulah,  Gumuch,  and  the  island  of  Samos  belong  to 
Asia  Minor;  Naxos  and  Nicaria  are  islands  of  the  Grecian  Archipel- 
ago ;  Chester  is  in  Massachusetts. 

From  the  table  it  is  seen  that  all  the  varieties  of  corundum,  except- 
mg  the  sapphire  and  ruby,  contain  water;  and,  furthermore,  that  the 
corundums  and  emeries,  other  things  being  equal,  containing  the 
least  water  are  the  hardest. 

Emery  is  granular  corundum  of  black,  grayish-black,  or  bluish- 
black  colors,  and  contains  Jntimately-mixed  magnetite  or  hematite. 
It  may  be  fine-  or  coarse-grained,  and  often  looks  and  feels  like  a 
black,  fine-grained  iron  ore,  from  which  it  may  be  distinguished  by 
its  scratching  agate,  and  by  its  low  specific  gravity.     Pure  corundum, 


♦  American  youmal  of  Science,  2d  Series,  vol.  xlii.  p.  ^^, 
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when  in  the  proper  granular  condition,  is  a  better  abrasive  material 
than  emery.  Its  masses  are,  however,  frequently  cleavable,  which 
forbids  its  preparation  into  the  suitable  roundish  grains  required  in 
the  arts. 

Corundum  (sometimes  in  the  form  of  emery)  has  been  discovered 
at  many  points  in  the  United  States,  and  mostly  within  a  long  strip  of 
country  extending  from  Massachusetts  to  Alabama,  and  principally 
in  what  has  been  called  the  great  chromiferous  serpentine  or  chryso- 
lite belt.  The  most  numerous  localities  are  in  North  Carolina.  We 
are  fortunate  in  having  an  elaborate  and  able  account  of  the  occur- 
rence of  corundum  at  the  different  localities  in  the  long  extent  of 
country  mentioned  by  Professor  F.  A.  Genth.*  Dr.  C.  T.  Jackson,t 
Professor  C.  U.  Shepard,J  and  Dr.  J.  Lawrence  Smith§  have  also  con- 
tributed valuable  papers  on  the  Massachusetts,  North  Carolina,  and 
Georgia  corundums.  In  his  last  article  Dr.  Smith  points  out  the  par- 
allelism in  the  geology  of  the  North  Carolina  and  Turkish  localities. 
The  chrysolite  or  serpentine  rock  of  the  one  region  takes  the  place 
of  the  limestone  of  the  other  as  the  gangue  rock  of  the  corundum. 
Very  fine  masses  of  corundum,  in  some  instances  of  large  size, 
weighing  six  to  eight  hundred  pounds,  having  fine,  large  cleavages, 
are  met  with  in  North  Carolina.||  The  variety  and  beauty  of  the 
specimens  are  said  to  be  greater  than  at  any  other  known  locality. 
They  excel  in  color,  being  gray,  green,  rose,  ruby-red,  emerald-green, 
sapphire-blue,  with  other  shades  to  colorless.  Some  pieces  have  been 
cut  and  polished,  making  fair  gems,  but  showing  too  many  flaws  to 
be  of  any  great  value.  Notwithstanding  the  extensive  development 
of  the  mineral  in  North  Carolina,  Georgia,  and  Alabama,  it  has  not, 
as  yet,  proved  to  be  of  special  interest  to  commerce  or  the  arts. 

The  Grecian  and  Turkish  emery  is  shipped  in  masses  of  various 
sizes,  from  150  pounds  in  weight  down  to  pieces  the  size  of  an  egg. 
In  its  preparation  the  masses  are  broken  up  under  steam  hammers, 
or  hand-sledge  hammers,  until  of  a  proper  size  to  be  placed  in  the 
Blake  rock-crushers,  which  reduce  the  emery  to  fragments  as  small 
as  walnuts.  These  are  placed  under  stampers,  rollers,  and  crushing- 
machines  until  the  whole  is  reduced  to  the  required  fineness.  It  is 
then  conveyed  to  the  sifting-machines  to  separate  the  various  grades 

*  Proceedings  of  the  American  Philosophical  Society^  Philadelphia,  xiii.  361,  1873. 
f  American  youmal  of  Science,  2d  Series,  xxxix.  88. 
t  Ibid,,  3d  Series,  iv.  109  and  175. 
2  Ibid.,  2d  Series,  xlii.  83,  and  3d  Series,  vi.  180. 

II  Credit  is  very  justly  given  to  the  Rev.  C  D.  Smith,  of  North  Carolina,  for  the  dis* 
covery  of  the  corundum  belt  in  North  Carolina,  Georgia,  and  Alabama. 
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of  grain.  The  meshes  of  wire  (or  lawn  for  the  finer)  used  for  obtain- 
ing the  various  grades  vary  from  sixty  to  many  thousand  holes  to  the 
square  inch.  The  grades  have  sizes  and  numbers  corresponding 
respectively  to  the  number  of  meshes  in  a  lineal  inch  of  bolting- 
cloth.  The  very  fine  emery  is  suspended  in  water  and  then  assorted 
by  precipitation.  The  finest  floats  in  the  atmosphere  of  the  stamping- 
room,  and  is  deposited  on  the  beams  and  shelves,  from  which  it  is 
occasionally  collected.  Many  difficulties  beset  the  manufacture  of 
emery-grains  and  flour.  As  a  measure  of  safety,  consumers  should 
buy  from  trustworthy  houses.  It  is  always  economy  to  purchase  the 
best  article,  though  it  may  appear  high-priced.  This  is  true  of 
many  manufactured  goods,  but  especially  so  of  emery. 

The  exhibits  of  Grecian  and  Asiatic  emery  in  the  Exhibition  were 
quite  satisfactory.  John  Oakey  &  Sons,*  London,  England,  had  in 
Machinery  Hall  a  neat  exhibit  of  the  Wellington  Mills  emery- 
grains  and  flour,  with  which  were  two  large  pieces  of  Naxos  emery, 
and  also  a  series  of  polish ing-powders.  The  grains  and  flour,  ele- 
gantly displayed  in  thirty  cups  exhibiting  the  different  grades  manu- 
factured, were  commended  for  uniformity  of  size,  sharp  grit,  and 
freedom  from  foreign  substances,  the  material  being  of  best  quality. 
The  Wellington  Mills,  recently  constructed,  the  old  buildings  having 
been  found  insufficient,  cover  more  than  an  acre  of  ground.  The 
site  "  has  a  frontage  of  155  feet  on  Westminster  Road,  and  runs  back 
along  Mead's  Row  for  a  distance  of  340  feet.  The  plan  is  that  of  a 
hollow  square,  with  the  warehouse  and  offices  fronting  the  Westmin- 
ster Road,  the  factory  premises  on  the  other  three  sides,  and  the 
chimney-stalk,  boilers,  engines,  and  stampers  in  the  centre.  .  .  .  The 
machinery  is  worked  by  three  engines,  of  which  two,  of  20  horse- 
power each,  are  in  the  wings,  whilst  the  third,  of  40  horse-power,  is 
placed  in  a  separate  building  within  the  square  above  mentioned." 
The  Wellington  Mills  consume  about  one-fourth  of  all  the  crude 
Turkish  and  Grecian  emery  that  is  yearly  mined.  The  prepared 
emery  is  sold  throughout  Great  Britain  and  her  colonies,  the  United 
States,  Canada,  India,  China,  Japan,  and  other  countries.  It  is  used 
very  generally  for  cutting,  grinding,  and  polishing  purposes.  Manu- 
facturers of  plate-glass,  emery-wheels,  emery-paper  and  cloth,  edge- 
tools,  cutlery,  agricultural  implements,  machinery,  etc.,  consume  it  in 
large  quantities. 

In  the  Main  Building  was  another  interesting  display  of  Turkish 
emery,  crude  and  manufactured.    This  was  made  by  the  Washington 

*  Geo.  H.  Gray  &  Danforth,  Importers,  Boston,  Massachusetts. 
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Mills  Manufacturing  Company,  Ashland,  Massachusetts,  The  series 
of  grain  presented  included  samples  free  from  foreign  substances, 
of  even  grade,  sharp,  and  of  superior  quality  generally.  This  com- 
pany bring  to  bear  an  experience  of  about  thirty  years.  They  work 
up  from  400  to  600  tons  of  crude  emery  per  annum,  the  products 
having  a  value  of  |5i50  per  ton.  They  have  a  range  of  buildings 
400  feet  long  by  40  wide,  with  machinery  sufficient  to  manufacture 
800  to  1000  tons  per  year.  The  machinery  is  run  by  water-power, 
there  being  three  turbine-wheels  in  use,  equal  to  70  or  80  horse- 
power. Ten  men  are  usually  employed.  The  emery  prepared  by  this 
company  is  mainly  consumed  in  the  United  States,  and  for  the  pur- 
poses specified  above. 

The  Vitrified  Wheel  and  Emery  Company,  Ashland,  Massachu- 
setts, had  in  Annex  No.  I  of  Machinery  Hall  a  case  of  manufac- 
tured Turkish  (Ephesus)  emery.  The  display  was  creditable.  The 
grains  were  of  good  form,  free  from  dirt,  and  of  assorted  sizes,  run- 
ning down  to  the  finest  flour.  In  addition  there  were  large  specimens 
of  uncrushed  emery.  Also,  in  Machinery  Hall,  in  connection  with  a 
display  of  emery-wheels,  the  Union  Stone  Company,  Boston,  Mas- 
sachusetts, presented  a  series  of  grains  and  flour  of  superior  Turkish 
emery.  The  emery-wheels  of  the  two  companies  just  mentioned 
were  objects  of  much  interest,  but  their  consideration  belongs  to 
another  group. 

In  the  mineralogical  collection  of  the  Turkish  department  of  the 

Exhibition  there  were  eight  very  small  pieces  of  emery.     These  were 

labeled  Tire  &  Souke,  Province  of  Aydin.     Turkey  could  have  well 

and  appropriately  afforded  an  extensive  and  varied  exhibit  of  crude 

'  emery,  such  as  would  have  attracted  notice  and  been  highly  instructive. 

James  C.  Hand  &  Co.,  Philadelphia,  agents  for  Chandler  &  Ball, 
manufacturers,  Kennett  Square,  Pennsylvania,  made  a  full  and  interest- 
ing exhibit  of  Pennsylvania  prepared  corundum.  The  grains  and  flour 
displayed  in  the  Main  Building  were  tastefully  arranged  in  bottles  and 
in  casks  with  glass  heads.  This  corundum  was  from  the  Unionville 
Mine,  in  Chester  County,  Pennsylvania.  Dr.  F.  A.  Genth,*  speaking 
of  this  corundum,  says,  "  Loose  masses  of  a  brownish-gray  granular 
variety,  sometimes  of  several  tons  in  weight,  had  been  occasionally 
met  with  at  the  same  locality.  About  two  years  ago  the  deposit  from 
which  the  masses  evidently  came  was  discovered.  It  was  at  the  time 
of  my  visit  exposed  to  a  length  of  thirty  feet,  a  thickness  of  from 
five  to  ten  feet,  with  a  depth  of  about  fifteen  feet     This  is  a  very  im- 

♦  Preliminary  Report  on  the  Mineralogy  of  Pennsylvania,  1874,  p.  33. 
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portant  discovery,  and  the  appearance  of  the  deposit  or  bed  leads  to 
the  conclusion  that  it  is  the  nucleus  of  unaltered  corundum  in  a  mass 
of  chlorite  slates  and  other  rocks  which  have  resulted  from  its  alter- 
ation. From  present  indications  this  corundum  mine  appears  to  be 
one  of  great  value,  and  promises  to  furnish  large  quantities  of  min- 
eral of  very  superior  quality.** 

Dr.  Genth  then  adds,  in  substance,  that  the  less  cleavable  a  corun- 
dum is,  the  better  is  its  cutting  or  polishing  power,  the  prepared 
grains  being  roundish  and  presenting  good  sharp  cutting  edges. 
"  This  latter  is  the  case  with  the  coarse,  granular  variety  from  Union- 
ville,  more  than  with  that  from  any  other  part  of  the  world.*' 

The  best  of  the  Unionville  corundum  is  superior  to  the  choicest 
Turkish  emery.  It  is  supplied  graded  like  emery.  Grains  in  casks 
of  about  250  pounds  each  sell  at  1 1  cents  per  pound,  and  flour  in 
casks  at  9  cents.  The  capacity  of  the  works  is  500  tons  of  prepared 
emery.  This  industry  is  in  its  infancy,  and  no  definite  information 
can  be  given  as  to  the  annual  production.  The  mine  and  the  mill 
have  not  been  worked  steadily.  The  market  is  chiefly  in  the  United 
States.     Some  of  the  corundum  has  been  sent  to  England. 

Awards  were  granted,  respectively,  to  J.  T.  Ames,  Chicopee,  Massa- 
chusetts^ for  an  interesting  and  complete  series  of  the  emery  of 
Chester,  Massachusetts,  with  its  accompanying  rocks  and  minerals, 
and  to  C.  W.  Jenks,  of  Jenks'  Mine,  Macon  County ,  North  Carolina, 
for  an  instructive  series  of  the  corundum  of  North  Carolina,  and 
associated  mineral  species.  These  exhibits  were  embraced  in  the 
Smithsonian  collections.  At  one  time  it  was  hoped  that  the  emery 
and  corundum  of  Chester,  Massachusetts,  would  supersede  that  of 
Turkey,  but  the  latter,  on  account  of  its  better  quality,  still  controls 
the  market.  The  Chester  deposit  is  a  remarkable  one.  Dr.  Genth 
says  of  it,  "It  consists  of  crystalline  corundum  in  a  fine  scaly  chlorite, 
or  of  a  peculiar  mixture  of  granular  and  crystallized  corundum  with 
magnetite  (which  is  generally  titaniferous),  intermixed  with  more  or 
less  of  a  chloritic  mineral.  The  deposit  traverses  two  mountains  for 
about  four  miles,  with  an  average  thickness  of  four  feet,  and  lies  in 
a  talcose  slate  and  serpentine,  between  gneiss  and  mica  slate,  in  the 
centre  of  the  Green  Mountains.  The  gneiss  contains  no  corundum. 
The  talcose  rock,  however,  has  grains  of  emery,  corundum,  and  mag- 
netite disseminated  through  the  whole  mass.  A  vein  of  oligoclase 
(so-called  indianite)  many  inches  in  thickness,  with  small  particles 
of  corundum  diffused  through  it,  runs  for  many  rods  through  the 
chloritic  rock.  We  have  already  spoken  of  the  North  Carolina 
corunduni.     Had   this  generally  a  desirable  granular  structure,  its 
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commercial  importance  would  be  at  once  insured.     Much  of  it,  doubt- 
less, is  valuable." 

In  addition  to  the  exhibits  of  corundum  as  an  abrading  material, 
there  were  displays  of  crystals  (including  Oriental  rubies  and  sap- 
phires) from  different  countries.  Russia  exhibited  fine  crystals  of 
corundum.     But  to  notice  these  does  not  come  within  our  province. 


MERCURY. 

BY  DANIEL  DE  CORTAZAR. 

Mercury  is  the  only  metal  fluid  at  the  ordinary  temperature ;  it  is  of 
a  silver-white  color  and  of  great  brilliancy.  It  may  be  solidified  at  a 
temperature  of — 40®  Fah.,  being  then  ductile  and  malleable,  like  lead, 
and  crystallized  in  regular  octahedrons.  In  the  fluid  state  and  at  the 
temperature  of  32°  Fah.  its  gravity  is  13.49.  It  boils  at  77^  Fah.,  and 
gives  off  fumes  at  the  temperature  of  70°  Fah. 

The  chemical  equivalent  of  quicksilver  on  the  hydrogen  scale  is 
100.  Mercury  has  a  deleterious  action  on  the  organism ;  in  damp  air 
it  oxidizes  somewhat ;  nitric  acid  attacks  it  at  all  temperatures,  while 
sulphuric  acid  only  dissolves  it  when  concentrated  and  warm,  and 
hydrochloric  acid  has  no  marked  action  on  it. 

The  principal  value  of  quicksilver  for  industrial  purposes  is  its 
power  of  combining  under  certain  conditions  with  gold  and  silver, 
separating  them  from  their  ores  and  forming  a  solid  alloy  of  indefinite 
composition  called  "  amalgam,"  which  afterwards,  if  subjected  to  dis- 
tillation, sets  the  gold  or  silver  free.  On  this  quality  is  based  the 
principal  metallurgy  of  these  metals. 

Notwithstanding  that  chemistry  possesses  many  compounds  of  mer- 
cury, nature  presents  as  real  ores  but  native  mercury  and  cinnabar. 
The  last  named  is  a  combination  of  mercury  with  sulphur,  whose  for- 
mula may  be  expressed  by  HgS,  which  contains  84.5  per  cent  of 
mercury. 

Cinnabar  is  the  ore  which  almost  exclusively  yields  the  mercury 
employed  in  the  arts,  and  it  is  not  therefore  surprising  that  the  greater 
part  of  the  specimens  which  were  exhibited  at  the  Exhibition  of  Phil- 
adelphia were  of  this  compound. 

We  will  mention  in  the  first  place  the  nature  of  the  ores  of  mercury 
exhibited  at  the  Centennial  Exhibition,  show  their  importance,  and 
give  the  localities  whence  they  came,  and  afterwards  analyze  the  state 
of  the  mining  and  metallurgical  industries  of  mercury  as  they  at  present 
exist. 
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Spain  without  doubt  presented  at  the  Centennial  Exhibition  the  best 
and  richest  samples  of  mercurial  ores.  The  directors  of  the  well- 
known  Almaden  Mines  sent  to  Philadelphia  a  complete  collection  of 
the  various  ores,  classified  according  to  their  richness,  from  crystals 
and  compact  cinnabar  to  sandstones  and  slates  in  which  the  mercury 
was  found  in  small  globules  or  the  cinnabar  was  seen  in  nearly  im- 
perceptible spots  in  the  rock.  They  also  presented  the  rocks  of  the 
country  in  connection  with  the  mercurial  ores,  the  metal  obtained,  and 
the  models  of  the  aludels  or  small  clay  vessels,  of  a  special  form,  in 
which  the  condensation  of  mercury  takes  place,  as  well  as  statistics, 
plans  of  the  mine  and  furnaces,  by  which  the  extent  of  the  workings 
and  importance  of  the  mine,  the  profits,  and  all  the  circumstances 
belonging  to  an  establishment  of  great  interest,  could  be  seen  at  a 
glance.  Spain  also  exhibited  mercurial  ores  and  a  sample  of  metal 
obtained  from  the  mines  of  Mieres,  in  Asturias,  all  exhibited  by  Mr. 
Diestro  y  Laza;  and  besides  these,  there  were  specimens  from  the 
mines  of  Lucar,  in  Almeria,  displayed  by  Mr.  Daza,  and  others  from 
Pitres,  in  Granada,  sent  by  Mr.  Vazquez.  The  two  latter  exhibits 
were  scarcely  worthy  of  notice. 

Very  few  exhibits  of  mercurial  ores  were  to  be  found  in  the  Depart- 
ment of  Mines  and  Metallurgy  of  the  United  States;  but,  fortunately, 
the  members  of  the  Smithsonian  Institution  had  collected  in  the  Gov- 
ernment Building  several  samples  from  the  California  and  Nevada 
mines,  especially  of  compact  and  earthy  cinnabar,  and  others  in  which 
the  quicksilver  was  mixed  with  sulphur,  all  showing  the  richness  of 
the  mines  whence  they  had  been  taken.  It  was  much  to  be  regretted 
that  the  ores  were  not  accompanied  by  the  rocks  in  which  the  mer- 
cury is  found,  and  also  that  the  plans  of  the  mines  and  the  statistics  of 
production  were  lacking. 

The  Central  Pacific  Railway  Company  exhibited  in  Agricultural 
Hall  some  very  interesting  specimens  of  mercurial  ores,  which  came 
from  Wallstreet,  in  Lake  County,  California ;  some  of  them  were  com- 
posed of  selenide  of  mercury. 

The  samples  of  cinnabar  and  the  products  of  quicksilver  exhibited 
by  the  Imperial  and  Royal  Metallurgical  Direction  of  Idria  and  Aus- 
tria were  of  little  value. 

The  specimens  exhibited  by  the  Special  Commissioner  to  the  Ex- 
hibition from  Lima,  in  Peru,  others  by  the  proprietors  of  the  Wilkinson 
Mine,  in  Kilkivan,  about  fifty  miles  from  Maryborough,  in  Queensland ; 
one  of  cinnabar,  displayed  by  the  Commissioner  of  the  Netherlands, 
and  another  of  quicksilver,  sent  by  the  Brazilian  Commission  to  the 
Exhibition,  were  scarcely  worth  notice. 
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Some  mercurial  ores  were  also  sent  to  the  Main  Building  by  the 
Mexican  Republic,  and  among  them  the  Livingstonite  exhibited  by  | 

Mr.  Barcena,  of  Mexico,  attracted  general  attention.  It  is  a  new 
mineral,  composed  of  sulphur,  antimony,  and  mercury,  which,  accord- 
ing to  the  statements  made,  occurs  in  great  quantities.  i 

There  were  also  some  good  specimens  of  cinnabar  from  Pregones, 
in  the  State  of  Guerrero,  exhibited  by  Mr.  Folsa,  though  they  did  I 

not  appear  to  be  very  rich.  The  lack  of  information  prevented  me 
from  judging  of  the  real  value  of  the  mines  from  whence  they  were 
taken. 

Thi^  is,  in  few  words,  the  whole  state  of  the  mining  and  metallurgy 
of  quicksilver  as  it  was  represented  in  the  Centennial  Exhibition. 

We  will  now  say  something  about  the  proceedings  or  means  used 
in  the  principal  countries  that  produce  mercury  for  obtaining  it  from 
its  ores. 

To  extract  the  quicksilver  from  its  ores  it  is  isufHcient  to  submit 
them  to  a  roasting  process,  using  at  the  same  time  an  agent  to  take 
out  the  sulphur.  This  agent  generally  consists  of  lime,  when  the 
operation  takes  place  in  a  closed  apparatus,  obtaining  sulphide  of  cal- 
cium and  mercurial  vapor,  which  is  afterwards  condensed.  The  air 
is  nearly  always  the  desulphurizing  agent,  and  by  its  action  at  a  high 
temperature  forms  sulphurous  acid  and  mercurial  vapor,  which  is 
condensed,  and  the  former  escapes  in  the  atmosphere. 

Notwithstanding  the  simplicity  of  the  metallurgy  of  quicksilver  in 
practice,  it  has  not  as  yet  been  found  possible  to  solve  the  problem  of 
the  complete  condensation  of  mercurial  vapors.  The  various  pro- 
cesses invented  for  this  purpose  consist  either  in  dividing  the  current 
of  gases,  causing  them  to  pass  through  narrow  passages,  which,  being 
in  contact  with  the  air,  naturally  cools  them,  or  in  making  the  mer- 
curial vapors  run  through  spacious  chambers  and  galleries  in  order 
to  condense  them.  Another  process  is  to  condense  these  vapors  in 
tubes  sunk  in  water,  or  cooled  by  an  apparatus  from  which  a  slight 
and  continual  flow  of  water  falls  upon  them.  And,  lastly,  the  mer- 
curial vapors  have  been  caused  to  pass  through  cold  water,  which 
has  to  be  renewed  from  time  to  time,  and  by  which  the  process  of 
condensation  is  accomplished. 

The  principal  factories  of  quicksilver  are  to  be  found  in  Almaden, 
in  Spain ;  in  Santa  Clara  County,  California,  in  the  United  States ;  in 
Idria,  Austria ;  and  the  Duchy  of  Zweibruecken,  Bavaria.  It  is  said 
that  lately  quicksilver  ores  have  been  plentifully  found  and  are  being 
used  in  Borneo. 

In  Bavaria  the  ores  consist  of  sandstones  spotted  with  cinnabar. 
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and  belong  to  the  Carboniferous  formation.  The  ores,  after  a  concen- 
tration, and  being  mixed  with  lime,  are  introduced  in  retorts,  which 
are  placed  in  two  rows  in  a  furnace,  the  temperature  of  which  being 
gradually  raised,  the  lime  unites  with  the  sulphur  of  the  cinnabar 
and  the  quicksilver  is  volatilized.  The  mouths  of  these  retorts  com- 
municate with  earthen  receivers  placed  outside  of  the  furnace,  in 
which  there  is  a  certain  quantity  of  water,  in  which  the  mercury  is 
condensed. 

The  late  Dr.  Ure  suggested  and  carried  out  a  great  improvement 
in  the  distillation  of  mercurial  ores  in  the  works  of  Obermoschel  by 
using  common  iron  gas-retorts,  the  hinder  parts  of  which  were  made 
movable  for  the  purpose  of  charging  and  discharging;  and  in  the  fore- 
part of  each  retort  there  was  a  pipe  to  conduct  the  vapors  into  a 
general  condenser,  formed  of  a  large  tube  of  cast-iron  nearly  filled 
with  water,  in  which  the  quicksilver  is  condensed,  and  the  other  gases 
formed  during  the  operation  go  off,  after  passing  through  the  water. 

A  very  similar  process  to  that  above  mentioned  is  used  in  Idria  in 
the  treatment  of  rich  ores  and  soots ;  the  condenser  does  not  contain 
water,  but  is  sunk  in  a  receiver  which  does  contain  it,  the  object  being 
to  avoid  the  contact  of  the  mercurial  vapors  with  the  liquid,  which, 
according  to  some  authors,  is  prejudicial  to  a  good  condensation. 

In  all  the  methods  indicated,  the  desulphurizing  agent  is  lime;  but 
in  nearly  all  the  principal  works  where  mercury  is  obtained,  atmos- 
pheric air  is  used  for  the  purpose  of  desulphurizing.  Thus,  in  Alt- 
wasser  (Hungary)  gray  copper  ores  occur  mixed  with  cinnabar,  and 
these  are  obtained  as  a  secondary  product  of  the  distillation  of  the 
ores.  The  apparatus  in  which  this  takes  place  consists  of  large  cham* 
bers  surrounded  by  walls,  which  are  perforated  a  little  above  the  floor, 
in  order  to  admit  the  air.  The  minerals  are  put  into  the  chambers  in 
alternating  layers  with  the  fuels,  and  when  the  combustion  commences 
the  mercury  in  the  cinnabar  is  volatilized,  and  the  sulphur  goes  off 
in  a  state  of  sulphurous  acid ;  while  the  former  is  condensed  in  the 
upper  part  of  the  heap,  mixing  with  the  ores  from  which  it  is  sepa- 
rated by  washing,  the  residues  are  smelted  to  obtain  the  silver  and 
copper  which  they  contain.  By  this  method,  imperfect  as  it  is,  the 
greater  part  of  the  quicksilver  contained  in  the  minerals  is  saved,  the 
losses  not  exceeding  12  per  cent,  and  the  consumption  of  fuel  being 
two  cubic  yards  of  coal  and  three  of  wood  for  every  ten  tons  of 
mineral. 

In  Idria  (Austria)  the  ore  is  cinnabar,  which  is  found  very  irregu- 
larly impregnating  slates  and  limestones,  probably  belonging  to  the 
Triassic  system.     The  richest  ore  occurs  in  the  slates.     The  poor 


200  INTERNATIONAL  EXHIBITION,  1876. 

ores  are  concentrated  by  a  complicated  preparation  until  they  yield  a 
medium  richness  of  6  per  cent.  After  many  trials  the  system  at 
present  used  is  the  employment  of  furnaces  similar  to  those  used  in 
the  roasting  of  copper  ores,  but  in  which  an  almost  continuous  opera- 
tion goes  on ;  it  only  requires  the  placing  of  a  hopper  in  the  roof 
through  which  the  charges  pass,  and  removing  the  residues  after  the 
distillation  by  means  of  a  lower  opening.  The  furnace  communicates 
with  a  small  chamber,  and  this  in  its  turn  with  three  cast-iron  pipes 
three  feet  in  diameter,  and  in  the  form  of  a  very  flat  V,  which  collect 
the  quicksilver,  which  is  condensed  in  them  not  only  by  atmospheric 
influence,  but  also  by  the  cooling  due  to  an  artificial  shower  produced 
by  an  upper  apparatus.  The  large  cast-iron  tubes  lead  into  a  com- 
partment divided  into  four  chambers,  and  communicating  with  a 
chimney  separated  in  the  middle  by  a  thin  wall,  for  the  purpose  of 
retarding  the  current  of  gases  and  completing  the  condensation.  By 
this  method  the  working  of  200  pounds  of  ore  costs  19  cents,  and 
nearly  4  pounds  of  quicksilver  are  obtained  from  this  quantity  of  ore, 
losing  29  per  cent.  In  the  same  establishment  of  Idria  the  poor  and 
large  ores  are  utilized  in  furnaces  very  similar  to  those  used  in  Styria 
and  Carinthia  for  calcining  iron  ores.  The  apparatus  is  constructed 
of  sheets  of  iron  united  by  rivets;  and  in  the  interior  is  a  coating  or 
wall  of  fire-bricks.  The  condensation,  which  was  formerly  effected 
by  means  of  a  series  of  chambers,  now  takes  place  in  tubes  similar 
to  those  employed  in  the  other  furnaces,  and  the  quicksilver  is  easily 
condensed  in  them  by  the  low  temperature  of  the  pipes,  which  are 
cooled  by  water  falling  upon  them.  The  working  of  200  pounds  of 
ore  in  these  furnaces  costs  18  cents,  producing  more  than  2  pounds 
of  mercury,  while  there  is  a  loss  of  39  per  cent.  Notwithstanding 
that  the  treatment  in  the  last-named  furnaces  is  more  advantageous 
than  in  the  first-named,  they  are  not  always  used,  because  the  fine 
ores  cannot  be  treated,  nor  the  soots  produced  by  either  method, 
which  are  collected  either  in  the  iron  tubes,  in  the  chambers,  or  in 
the  chimneys. 

The  ore  produced  from  the  mines  of  Santa  Clara  County,  in  Cali- 
fornia, is  cinnabar  mixed  with  a  small  quantity  of  mispickel  and  gray 
copper  ore.  Ferruginous  slates,  often  very  brittle,  form  the  vein- 
stones, and  are  accompanied  by  lime  and  sandstones,  and  all  these 
rocks  are  altered  by  an  eruption  of  serpentine.  When  the  minerals 
are  taken  from  the  mine  they  are  broken  and  classed,  the  smaller  and 
poorer  ones  being  separated  to  enrich  them  by  washing.  The  first 
method  employed  for  obtaining  the  quicksilver  contained  in  the  ores 
was  the  Bavarian,  which  was  done  by  mixing  the  minerals  with  lime 
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and  charging  the  mixture  into  retorts;  but  as  this  proceeding  requires 
a  great  deal  of  manual  labor,  it  has  been  replaced  at  the  mines  of  New 
Almaden  by  furnaces  with  condensing-chambers  similar  to  those 
which  were  formerly  employed  at  Idria,  but  with  interesting  and  ad- 
vantageous modifications.  The  furnaces  consist  of  lateral  fire-bars,  in 
which  pine-wood  is  burned,  and  the  flame  and  gases  of  the  combustion 
pass  through  a  curved  wall  by  means  of  several  openings,  thus  passing 
through  the  ore,  which  is  placed  in  the  furnace  through  two  upper 
doors,  that  are  hermetically  closed  as  soon  as  the  furnace  is  lighted. 
The  opposite  side  to  that  of  the  fire-bars  in  the  furnace  is  also  curved, 
but  placed  in  an  inverse  position  to  the  former;  and  as  it,  like  the 
other,  is  full  of  openings,  the  gases  from  the  combustion  of  the  wood 
and  those  produced  by  the  calcination  of  the  minerals  escape  into  a 
large  chamber,  and  afterwards  pass  into  three  smaller  ones,  which 
communicate  with  each  alternately  above  and  below.  In  the  first 
chamber  the  greater  part  of  the  soots  and  all  the  other  substances 
mechanically  carried  off  by  the  draught  are  deposited,  and  in  the 
chambers  which  follow  nearly  all  of  the  quicksilver  is  collected,  for 
which  purpose  the  floor  inclines  towards  an  exterior  conduit.  In 
order  that  the  condensation  may  be  complete,  the  last  of  these  cham- 
bers has  a  communication,  by  means  of  a  long  passage,  with  another 
condensing  apparatus  composed  of  twelve  chambers  with  arched  roofs 
that  communicate  with  each  other  alternately  above  and  below  in  the 
same  manner  as  those  which  are  situated  near  the  furnace.  At  the 
end  of  this  great  condenser  is  placed  a  chimney  thirty  yards  in  height. 
These  condensing-chambers,  as  well  as  the  furnace,  rest  upon  arches 
of  masonry,  the  floors  of  which  are  formed  by  cast-iron  plates  placed 
in  such  a  manner  as  to  form  two  inclined  planes,  and  in  the  angle 
formed  by  them  the  quicksilver  filtered  through  the  masonry  of  the 
furnace  is  gathered,  which,  before  this  was  done,  was  lost.  All  the 
mercury  collected  by  this  means  afterwards  runs  into  an  outer  channel. 
A  roasting  takes  from  fifty  to  seventy  hours,  according  to  the  hygro- 
metric  state  of  the  charge,  and  when  this  is  finished  the  furnaces  are 
emptied.  During  the  cooling,  which  generally  lasts  about  twelve 
hours,  the  soots,  as  well  as  the  quicksilver  that  is  in  the  condensing- 
chamber,  are  collected.  The  furnaces  are  of  different  sizes,  but  the 
best  are  capable  of  containing  100  cubic  yards  of  ores.  A  consump- 
tion of  34  cubic  yards  of  pine-wood  is  required  for  each  operation, — 
that  is  to  say,  the  fuel  is  as  i :  3  in  proportion  to  the  ore.  A  pound 
of  mercury  obtained  by  the  use  of  these  furnaces  costs  about  5  cents, 
and  the  whole  annual  production  amounts  to  nearly  30,000  flasks  of 
76^  pounds  avoirdupois  each. 
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The  principal  quicksilver  mine  in  the  world  is  at  Almaden,  in  Spain, 
and  its  existence  has  been  known  from  the  most  remote  times.  The 
mine  consists  of  beds  of  quartzite,  more  or  less  impregnated  by  cin- 
nabar, wjiich  appears  in  two  parallel  bands  of  more  than  500  yards  in 
length  and  a  variable  thickness  of  from  4  to  30  yards.  The  quartzites 
are  intercalated  between  carbonaceous  slates  containing  graptolites. 

The  mercurial  ores  owe  their  origin  to  an  eruption  of  melaphyre, 
which  is  called,  in  the  country,  piedra  frailesca  (monk-stone),  from 
its  color,  and  which  may  be  considered  younger  than  the  sedimentary 
rocks  in  which  the  mercury  is  now  found.  The  richness  of  the  ores 
may  be  valued  on  an  average  at  8  per  cent,  and  after  being  classed 
and  broken  up  they  are  introduced  into  cylindrical  furnaces  termi- 
nating in  a  spherical  arch.  The  ores  rest  in  the  furnaces  upon  brick 
arches,  which  allow  the  flame  from  the  fuel  to  pass,  as  well  as  the  air 
necessary  to  oxidize  the  sulphide  of  mercury.  Brush-wood  is  the  fuel 
employed,  and  this  is  burned  in  open  grates  below  the  brick  arches 
of  the  furnaces ;  the  greater  part  of  the  products  of  the  combustion 
goes  off  by  means  of  a  special  chimney,  and  the  remainder  passes 
through  the  ores  to  roast  them.  The  furnaces  communicate,  by 
means  of  two  conduits  or  passages  situated  in  the  base  of  the  arched 
roof,  with  the  condensing  apparatus,  which  is  composed  of  two  sys- 
tems. One  of  these,  the  oldest,  is  known  by  the  name  of  its  inventor, 
Bustamante,  and  the  other  is  called  "  of  Idria."  The  capacity  of 
the  Bustamante  furnace  is  about  six  cubic  yards,  and  that  of  Idria  a 
little  more  than  double.  The  charge  of  ore,  properly  distributed, 
amounts  to  nearly  ten  tons  in  the  first-named  furnaces  and  more  than 
twenty  in  the  latter,  consuming  two  and  four  tons  of  brush-wood  re- 
spectively,— that  is  to  say,  the  quantity  of  fuel  consumed  is  one- 
fifth  of  that  of  the  calcined  mineral.  This  small  consumption  is  due 
to  the  richness  of  the  ores,  which  only  require  the  sulphur  which 
they  contain  to  commence  burning,  and  with  the  heat  thus  liberated 
the  roasting  continues.  Three  days  are  necessary  to  conclude  an 
operation  in  the  small  furnaces  and  six  in  the  large  ones.  In  the 
Bustamante  system  the  condensing  of  mercurial  vapors  takes  place  in 
twelve  rows  of  earthen  tubes,  called  aludels,  18  inches  long  and  8  to 
10  in  diameter,  which,  fitting  one  into  the  other,  communicate  at  one 
end  with  the  furnaces  and  at  the  other  with  a  chimney,  and  rest  upon 
two  inclined  floors  of  more  than  10  yards  in  length.  As  the  aludels 
are  in  the  open  air,  they  cool,  and  thus  the  condensation  takes  place 
and  the  quicksilver  issues  through  a  small  opening  about  the  one- 
eighth  of  an  inch  in  diameter,  which  is  situated  in  the  lower  part  of 
the  earthen  tube,  and,  running  over  the  inclined  floors,  goes  into  a 
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general  channel  which  is  in  the  intersection  of  the  floors,  and  thence 
by  iron  pipes  to  the  warehouse,  where  it  is  collected,  weighed,  and 
packed. 

In  the  apparatus  called  "  of  Idria"  the  condensing  operation  takes 
place  in  twelve  large  chambers,  six  on  each  side  of  the  furnace,  cov- 
ered by  arches,  and  communicating  with  each  other  alternately  above 
and  below,  which  oblige  the  current  of  gases  to  run  zigzag  for  a  long 
distance,  and  which,  after  crossing  an  upper  chamber  provided  with  a 
small  chimney,  issue  at  last  in  the  air.  The  dimensions  of  these 
chambers  are  12  yards  in  height,  3  in  width,  and  4^  in  length.  The 
mercury  which  is  condensed  in  each  of  them  runs  through  a  small 
opening  to  an  outside  channel,  whence,  as  in  the  Bustamante  furnaces, 
it  goes  into  the  warehouse. 

In  these  two  classes  of  apparatus  an  abundance  of  soots  of  a  com- 
plicated nature  are  formed,  and  these,  after  having  been  deprived  of  a 
large  quantity  of  quicksilver  which  they  contain  by  means  of  beating 
upon  an  inclined  plane  with  a  small  spade,  are  mixed  with  the  small 
ores,  and  being  made  into  a  mass  by  the  aid  of  water  and  formed  into 
lumps  called  Bolus,  afterwards  serve  to  form  part  of  the  charge  of  the 
furnaces.  Both  Bustamante's  and  the  Idria  methods  are  very  imper- 
fect, and  there  is  no  doubt  that  the  losses  of  metal  in  one  and  the 
other  are  not  less  than  33  per  cent.,  notwithstanding  that  of  late  it  has 
been  stated  that  the  former  system  is  an  excellent  one. 

The  want  of  progress  existing  in  this  branch  in  Spain  has  induced 
some  scientific  men  to  try  and  discover  a  more  rational  proceeding 
than  those  at  present  employed  for  the  treatment  of  mercurial  ores, 
and  one  of  the  principal  of  those  thought  of  is  that  of  Pellet,  so  called 
after  the  name  of  a  French  engineer  who  invented  it.  In  this  process 
there  is  a  furnace  similar  to  those  used  in  the  calcination  of  iron  ores, 
in  which  the  fuel  is  brought  in  contact  with  the  ores.  The  operation 
is  continuous,  and  very  good  contrivances  prevent,  during  the  charg- 
ing and  discharging,  the  escape  of  vapors  which  might  injure  the 
health  of  the  workmen,  and  give  rise  to  loss  of  metal.  The  conden- 
sation is,  according  to  the  opinion  of  several  Spanish  mining  engi- 
neers, very  ingenious,  because  the  gases  are  compelled  to  go  into  a 
series  of  chambers,  and  in  crossing  from  one  to  the  other  of  these 
they  have  to  pass  through  a  sheet  of  water,  always  renewed  by  means 
of  a  continual  shower,  which  falls  from  above,  and  finally  a  strong 
artificial  aspiration  produces  the  successive  washings,  and  draws  off 
the  gases  that  cannot  be  condensed  and  any  undissolved  sulphurous 
acid.  Several  experiments  have  demonstrated  that  in  these  conditions 
the  gases  do  not  contain  any  mercury.    This  system  being  established, 
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though  imperfectly,  at  a  small  mine  in  Argelia,  Mr.  Pellet  received  a 
prize  medal  in  the  Franco-Espaiiola  Exhibition  of  1864.  In  the  year 
1868  the  Spanish  Government  ordered  the  construction  of  a  Pellet 
apparatus  in  Almaden,  on  account  of  the  favorable  report  of  the 
Spanish  Mining  Commission;  and  although  endeavors  have  been 
made  to  ascertain  the  difference  between  the  old  system  and  that  of 
Pellet,  several  circumstances,  too  long  to  explain  here,  have  prevented 
it.  In  1870,  Mr.  Pellet  established  an  apparatus  of  his  system  in  the 
province  of  Granada,  which  gave  very  satisfactory  results,  and  we 
have  lately  heard  that  the  inventor  has  perfected  his  system  by  sim- 
plifying it.  In  short,  in  Pellet's  apparatus  the  distillation  is  con- 
tinuous, the  manner  of  working  it  very  simple,  and  the  cost  for  100 
pounds  of  mineral  varies  from  6  to  8  cents.  There  is  no  doubt  that 
this  system  will  be  generally  used  in  the  metallurgical  industry  of 
quicksilver. 

Other  scientific  men  of  Spain,  such  as  Mr.  I.  Monasterio,  Mr.  I. 
Navarro,  and  recently  Mr.  Berrens,  have  invented  more  or  less  origi- 
nal apparatus  for  the  working  of  mercury,  but  only  that  of  the  last 
named  has  been  tried,  the  other  systems  having  been  merely  proposed. 

We  will  now  say  a  few  words  with  respect  to  the  quicksilver  mines. 

In  describing  the  establishments  in  which  mercury  is  obtained,  we 
have  mentioned  the  prominent  circumstances  of  the  mines  that  pro- 
duce the  ores,  but  in  order  to  complete  this  report  we  will  pass  in  a 
rapid  review  all  the  mines  which  have  arrived  at  a  certain  importance, 
although  some  are  abandoned,  and  others  have  not  as  yet  been  worked. 

Leaving  aside  some  mines  found  in  Turkey  and  Italy,  and  those 
lately  discovered  in  Spain,  in  the  provinces  of  Granada  and  Almeria, 
nearly  all  that  have  been  discovered  for  the  last  thirty  years  are 
situated  in  America. 

Those  of  the  United  States,  which  merit  special  attention,  are  situ- 
ated some  in  Nevada,  others  in  Utah,  and  many  in  California,  always 
in  connection  with  eruptive  rocks  and  intercalated  in  ipetamorphic 
slates,  and  their  products  make  a  great  competition  with  the  Almaden 
quicksilver. 

In  California,  the  principal  mines  besides  New  Almaden  are  Enri- 
queta,  Guadalupe,  Aurora,  St.  Carlos,  and  New  Idria,  all  found  in 
metamorphic  cretaceous  rocks,  and  in  connection  with  large  eruptions 
of  serpentine.  Also  to  the  north  of  the  Bay  of  San  Francisco  and 
the  northeast  of  Pine  Mountain,  in  a  region  formed  by  metamorphic 
rocks  and  eruptions  of  serpentine,  mercurial  mines  have  been  dis- 
covered in  the  environs  of  Clear  Lake. 
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A  short  time  ago  a  mercury  mine  was  spoken  of  in  this  locality, 
known  by  the  name  of  Sulphur  Bank,  and  it  is  stated  that  the  rich- 
ness of  the  mine  is  very  great. 

The  following  is  a  summary  of  Mr.  Keyes'  report  of  this  discovery 
to  the  American  Institute  of  Mining  Engineers,  at  the  conversazione 
of  the  3d  of  August,  1876.  The  deposit  is  of  sulphur  and  quick- 
silver, and  with  regard  to  its  composition  and  method  of  occurrence 
was  not  paralleled,  so  far  as  he  knew,  anywhere  else  in  the  world : 

"This  is  a  deposit  of  what  was  thought  to  be  native  sulphur, 
which  was  first  discovered  at  the  extremity  of  the  bay  on  the  east 
coast  of  Clear  Lake.  This  deposit,  which  has  since  been  traced 
towards  the  east  for  over  3000  feet,  lies  along  on  both  sides  of  a  fissure, 
through  which  in  several  places  thermal  springs,  containing  bicar- 
bonate of  soda,  free  carbonic  acid,  chloride  of  sodium,  bicarbonate 
of  ammonia,  and  free  silicic  acid  have  been  discovered.  Explora- 
tions, which  have  been  made  to  a  width  of  looo  feet  across  this 
fissure,  have  shown  that  there  is  a  deposit  from  two  to  three  feet 
thick,  which  is  composed  of  disintegrated  lava  mixed  with  a  small 
amount  of  sulphur  and  cinnabar,  yielding  from  i  to  i^  per  cent,  of 
mercury.  Under  this  deposit  is  a  bed  of  impure  sulphur  from  6  to  8 
feet  thick.  The  amount  of  sulphur  in  this  layer  varies  from  30  to  80 
per  cent,  the  sulphur  sometimes  being  in  nearly  pure  lumps  of  con- 
siderable size.  The  gangue  mixed  with  the  sulphur  is  similar  to  that 
found  in  the  bed  above.  Lying  beneath  this  sulphur-deposit  is  a  bed 
of  lava,  which  has  been  found  to  contain  from  Ij4  to  2}4  per  cent,  of 
mercury  in  the  form  of  cinnabar,  and  also  a  little  sulphur.  This  bed 
has  been  investigated  to  a  depth  of  75  feet  without  discovering  its 
bottom,  and  is  found  to  cover  nearly  the  whole  area  ^long  and  across 
the  fissure  of  3000  by  1000  feet.  The  first  efforts  made  to  refine  the 
sulphur  found  in  this  deposit  were  unsuccessful  until  1874,  when  the 
Sulphur  Bank  Mining  Company  began  working  both  for  the  sulphur 
and  the  mercury.  The  process  employed  for  the  extraction  of  the 
sulphur  is  a  new  one,  and  for  distilling  the  mercury  three  apparatus 
are  used.  The  richer  specimens  of  ores  and  residues  are  put  into 
retorts  with  lime,  as  is  commonly  practiced  at  New  Almaden.  The 
less  pure  ore,  which  is  found  in  lumps,  is  worked  in  continuous  fur- 
naces, in  which  it  is  filled  up  so  as  to  admit  the  flame  from  the  com- 
bustion-chambers between  the  interstices.  The  fine  ores  are  worked 
in  a  modified  Gerstenhofer  furnace.  In  these  continuous  furnaces  the 
mercury  is  condensed  in  iron  chambers,  from  eight  to  ten  of  which 
are  used  for  each  furnace.  It  is  found  by  experience  that,  the  larger 
each  of  these  chambers  is  made,  the  less  'soot*  mercury  will  be  found. 
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The  passage  of  the  mercurial  fumes  through  these  chambers  is  assured 
by  means  of  suction  currents,  produced  by  Roofs  blowers,  and  the 
draught  afforded  by  a  high  chimney,  to  which  all  the  condensers  are 
attached." 

With  regard  to  the  probable  amount  of  mercury  in  this  deposit, 
Mr.  Keyes  said  that,  according  to  tlie  estimates  of  Mr.  I,  D.  Hague 
and  Messrs.  Ashburner  &  Price,  the  portion  already  explored,  icxx)  by 
3000  feet,  contained  from  i  and  i  J^  to  2  per  cent,  of  the  metal.  This 
was  for  a  depth  of  75  feet,  there  being  no  indications  that  the  deposit 
did  not  extend  even  deeper  than  this.  Mr.  Vincent,  an  English  en- 
gineer, estimates  that  the  same  ore  contains  2  and  2^  per  cent,  of 
mercury,  which  would  make  it  have  a  value  of  ^^40,000,000  at  50 
cents  per  pound. 

"  The  easy  method  of  mining  which  is  employed,  being  nothing 
more  than  quarrying  in  benches,  combined  with  the  simple  furnaces 
used,  have  enabled  the  Sulphur  Bank  Company  to  produce  the  mer- 
cury at  the  low  price  of  18  cents  per  pound." 

At  the  time  of  Mr.  Keyes*  visit  a  few  months  ago,  there  were  from 
20,000  to  30,000  tons  of  lower  cinnabar  deposits  ready  to  be  worked. 

In  Mexico  the  quicksilver  mines  are  numerous,  though  the  dis- 
turbed state  of  the  country  has  prevented  them  from  being  well 
known.  At  all  events,  it  is  well  to  learn  that  in  the  Mexican  territory 
there  are  more  than  thirty  quicksilver  mines  in  the  states  of  Mexico, 
Jalisco,  Guanajuato,  St.  Luis  del  Potosi,  and  Zacatecas.  Their  rich- 
ness is  very  variable,  and  those  that  up  to  the  present  time  have  given 
some  good  results  are  those  of  Capula  and  St.  Romualdo,  in  the  state 
of  Jalisco ;  Pedemal,  Carro,  and  Guadalcazar,  in  that  of  St.  Luis  del 
Potosi ;  and  St.  Pedro  de  los  Pinos,  in  that  of  Zacatecas, — although 
the  whole  product  together  does  not  exceed  lOOO  flasks  per  annum. 
There  are  also  mercurial  ores  in  the  northern  states  of  Mexico,  but 
their  products  are  unknown  in  the  market.  The  geological  formations 
in  which  the  quicksilver  mines  are  found  in  Mexico  are  very  various, 
for  it  is  said  that  the  minerals  appear  in  primary,  transition,  secondary, 
and  tertiary  rocks,  but  it  may  be  stated  without  doubt  that  they  are 
everywhere  found  near  eruptive  rocks. 

In  conclusion,  we  may  say  that  the  metallurgy  of  mercury  appears 
at  a  stand-still,  and  no  improvements  have  taken  place  in  it  during 
these  past  years,  in  spite  of  certain  trials,  such  as  that  of  Pellet,  which 
promises  in  time  good  results  in  so  important  a  branch  of  industry. 

Quicksilver  mining  has  really  only  increased  in  the  United  States, 
and  this  nation  alone  produces  at  the  present  day  nearly  the  half 
of  the  mercury  which   is  used   in  commerce,  and   each   year  the 
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quantity  of  metal  obtained  increases ;  while  Spain  and  Austria  re- 
main stationary,  and  the  other  countries  can  scarcely  be  taken  into 
consideration,  on  account  of  their  small  productions. 

We  conclude  with  the  statistics  of  the  production  of  quicksilver  in 
the  year  1876  in  the  whole  world: 

United  States 69,200  flasks. 

Spain *  41,700  " 

Idria 8,000  " 

Bavaria      .         .         .        , 2,000  " 

Italy 1,700  " 

Borneo 2,000  " 

Mexico 500  " 

Other  countries 1,500  " 

Total     .        . 126,600  flasks. 

of  76^  pounds  avoirdupois  each. 

Madrid,  March  i«  1877. 


MECHANICAL  DRESSING  OF  ORES  AND   COAL. 

BY   E.  F.  ALTHANS. 
I.  INTRODUCTION. 

1.  Early  History. — Even  in  the  earliest  period  of  mining,  where 
simple  manual  labor  was  insufficient,  mechanical  arrangements— ham- 
mers, mortars,  mills  for  the  reduction  of  the  gangue  obtained  in  the 
mine — have  been  used  to  separate  the  useful  ore  from  the  accompa- 
nying dead-rock,  or  from  the  attached  foreign  ore,  and  then,  by  aid 
of  water  on  sieves  or  in  shallow  vessels,  viz.,  percussion-tables 
(Sichertrogen),  or  in  slime-pits,  to  wash  out  the  "deads"  and  the  use- 
less, specifically  lighter  ore,  the  iron  ore,  the  pyrites,  and  the  blende. 
To  the  ores,  which  in  this  way  are  separated  with  difficulty  or  not  at 
all,  and  which  are  a  hindrance  in  the  smelting-fumace  or  to  the  quality 
of  the  metal,  the  ancient  German  miners  gave  the  characteristic  nick- 
names, in  use  to  this  day,  "  blende,"  "  cobalt,"  "  nickel,"  "  mispickel." 
Agricola  describes,  even  in  the  time  of  the  Reformation,  stamp-  and 
mill-work,  jiggers,  and  the  most  simple  contrivances,  similar  to  the 
German  slime-pit,  or  the  sweeping-table  and  plane-table,  in  use  to 
this  day,  especially  in  gold-washing.  The  development  of  machinery 
began  at  the  time  when  mining  was  in  the  most  flourishing  condi- 
tion, before  the  Reformation,  in  the  alps  of  Tyrol  and  Carinthia. 
The  extensive  mining  enterprises  of  the  Fugger  family,  in  the  empire 
of  Charles  the  Fifth,  gave  to  these  improvements  in  the  art  of  ore- 
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dressing  a  wide  circulation,  even  to  the  rich  silver- bearing  mountains 
of  the  then  newly-discovered  continent  of  America.  The  religious 
persecution  following  the  Reformation  contributed  to  such  circulation. 
Then,  however,  the  desolating  religious  war  brought  mining,  formerly 
so  flourishing,  almost  completely  to  a  stand-still,  or  left  it  in  a  crippled 
condition  nearly  everywhere  in  Europe,  and  especially  in  what  was 
then  the  Germano-Roman  Empire.  The  slow  renewal  of  further 
improvement  is  due  to  the  revival  of  mining  in  Hungary,  in  Saxony, 
and  in  the  Hartz,  but  especially  in  England,  in  consequence  of  the 
invention  and  development  of  the  steam-engine  by  Watt  and  his 
Cornish  disciples.  The  United  States  Declaration  of  Independence 
occurred  at  this  time.  The  wonderful  advance  of  machinery  has 
since  elevated  to  a  higher  plane  the  art  of  ore-dressing  also.  Still,  it 
cannot  be  denied  that  the  advance  was  slow  till  the  last  third  of  the 
century;  since  that  period,  perhaps,  till  the  discovery  of  the  gold 
treasures  of  California  and  the  rich  deposits  of  copper  at  Lake 
Superior,  the  art  of  ore-dressing  in  the  separate  mining  districts 
pursued  a  narrow,  exclusive  direction,  closely  circumscribed  by  local 
circumstances.  A  rapid  development  first  began  with  the  general 
improvement  of  transportation  by  railways  and  steamboats,  and  with 
the  facilities  of  international  interchange  of  experience,  invention, 
and  scientific  investigation,  caused  by  these  means  of  modern  inter- 
course. International  Exhibitions  have  also  contributed  not  a  little 
to  give  a  cosmopolitan  character  to  ore-dressing,  as  well  as  to  other 
departments  of  mechanical  art. 

2.  Expedients,  Applications,  Aims,  Extent,  and  SciENtiFic  Con- 
dition OF  Mechanical  Ore-Dressing. — Mechanical  ore-dressing, 
especially  in  German  text-books,  is  called  the  "  wet-way,"  as  distin- 
guished from  the  '*  dry"  operations  depending  on  simple  manual  labor 
of  sorting  and  breaking  up  the  gangue,  the  picking  out  and  the  sepa- 
ration of  the  solid  rich  ores.  Both  operations  are,  as  a  rule,  so  con- 
nected, however,  that  the  distinction  is  diflScult  to  maintain.  A 
purification  by  water,  combined  with  a  separation  according  to  the 
size  of  the  grains,  forms  the  preparation  of  the  fine  stuff  for  hand- 
picking  and  sorting.  But  in  later  times  a  previous  mechanical  break- 
ing into  handy  pieces,  together  with  the  purification  and  separation, 
according  to  the  size  of  the  grains,  is  customary,  even  with  coarse 
material.  However,  other  aids  have  been  employed  besides  the  eflfect 
of  water  in  mechanical  ore-dressing,  viz.,  that  of  air.  Even  mag- 
netism has  been  used  with  success  in  isolated  cases.  In  this  exami- 
nation the  special  circumstances  which  necessitate  manual  labor 
previously  or  intermediately  to  mechanical  operations  cannot  be  gone 
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into  in  detail.  Hand  and  eye  remain  for  certain  labor,  as  a  rule,  the 
simplest  and  cheapest  means,  even  with  low-priced  minerals,  like 
anthracite  coal  and  iron  ore ;  and  the  richer  and  more  valuable  the 
ores  to  be  prepared,  the  more  indispensable  they  become,  especially 
with  rich  silver  ores,  whose  softness,  and  the  ease  with  which  they  are 
flattened  into  the  finest  scales,  in  the  slime  process  in  water,  cause 
the  most  serious  loss.  With  the  ores  of  the  noble  metals, — gold  and 
silver, — ^the  metallurgical  processes,  amalgamation  and  chlorination, 
are  for  the  most  part  connected  directly  with  the  comminuting  pro- 
cesses. These  operations  will  not  be  entered  into  here.  The  specifi- 
cally lighter  foreign  substances,  quartz,  lime,  and  heavy  spar,  iron  ore, 
pyrites,  zinc,  and  blende,  are  to  be  separated  from  ores  by  mechan- 
ical dressing ;  while  from  anthracite  are  to  be  separated  partly  the 
specifically  lighter  so-called  lignite,  partly  the  specifically  heavier 
slate  and  iron  pyrites. 

Mechanical  dressing  is  also  made  use  of  where  rock-salt  occurs  with 
the  salts  of  other  alkalies  and  alkaloids,  as  at  Stassfurt.  The  method 
essentially  depends  partly  on  the  character  of  the  ore,  partly  on  local 
circumstances.  In  case  of  silver-bearing  lead  ores,  the  separation  of 
the  often  associated  zinc-blende  is  an  essential  requisite  to  the  pre- 
vention of  a  loss  of  silver  and  to  the  obtaining  of  a  good  action  in 
the  furnace  during  the  smelting  process.  The  removal  of  the  silicious 
gangue,  as  a  rule,  is  more  important  than  that  of  lime,  iron  pyrites, 
brown  and  spathic  iron  ore,  because  usually  in  smelting  silica  is 
present  in  excess,  and  therefore  must  be  removed  to  form  a  slag;  but 
iron  serves  as  a  protection  against  the  slagging  of  the  more  precious 
metals.  The  most  important  influence  upon  the  employment  of  me- 
chanical ore-dressing  is  exerted  by  the  condition  of  transportation 
between  the  mines  and  the  smelting-works,  and  afterwards,  too,  from 
the  smelting-works  to  the  metal  market ;  by  the  proximity  of  fuel  for 
working  the  ore-dressing  machines  and  smelting-fumaces ;  by  a  sup- 
ply of  water  at  hand  for  the  slime  apparatus ;  but,  most  especially,  by 
the  rate  of  wages.  The  great  expense  of  transportation  or  of  selling 
frequently  stands  in  the  way  of  using  the  best  and  most  efficient  ma- 
chines, and  a  more  complete  concentration  of  the  ore  is  unadvisable, 
particularly  in  the  working  of  finely  divided  ore-masses,  which  must 
be  subjected  to  the  especially  difficult  slime  process,  on  account  of 
the  loss  of  ore,  which  increases  greatly  in  proportion  to  the  degree 
of  concentration.  The  chief  objection  to  mechanical  ore-dressing  by 
means  of  water  is  the  loss  of  ore,  and  this  objection  demands  the 
most  mature  reflection  and  consideration  of  the  combined  economical 
conditions  of  manufacture  and  trade.     The  complicated  contrivances 

14 
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and  methods  of  work  arising  from  the  struggle  for  improvement  are 
less  permanently  enduring  in  mining  than  in  any  other  branch  of  in- 
dustry, and  therefore  are,  as  a  rule,  replaced  by  the  most  durable  ma- 
chines and  simplest  operations  possible.  The  dressing  is  limited  in 
the  case  of  cheap  iron  ores  to  mere  washing  or  removal  of  the  mass 
of  clay  in  which  brown  iron  ore  frequently  occurs.  With  stone-coal 
it  consists  merely  of  a  separation  into  various  commercial  lots,  ac- 
cording to  size,  or,  as  with  the  Pennsylvania  anthracite,  of  washing, 
united  with  a  sufficient  breaking  up  to  suit  the  demands  and  customs 
of  consumers,  while  stone-coal  for  coking  requires  a  cleaning  from 
the  foreign  ingredients,  slate,  iron  pyrites,  etc.,  in  order  to  produce  a 
coke  with  as  little  ash  as  possible,  as  demanded  for  smelting.  The 
production  of  artificial  fuel  (briquettes)  is  closely  connected  with  the 
mechanical  dressing  of  coal.  Mechanical  dressing,  besides  the  proper 
sizing  of  the  ore  or  coal,  effects  the  separation  of  the  smaller  grains 
according  to  the  specific  gravities  of  the  combined  minerals.  It  is 
therefore  an  apparently  simple  process  based  on  the  laws  of  pure 
mathematical  physics.  We  merely  mention  the  well-known  and  sci- 
entifically established  laws  of  the  free  fall  of  bodies  in  a  fluid  medium, 
— water  or  air, — ^the  rolling  or  sliding  friction  on  smooth  planes  more 
or  less  inclined,  impulsion,  adhesion,  centrifugal  force.  The  dissimilar 
form  of  the  comminuted  pieces,  according  to  the  character  of  the 
minerals,  but,  especially,  the  minimum  action  and  very  small  size 
arising  from  the  fineness  of  the  grains  in  sandy  and  slimy  masses, 
exert  such  serious  and  incalculable  influence  everywhere,  that  exact 
theoretical  investigations  and  physical  experiments  meet  with  peculiar 
difficulties  in  the  department  of  ore-dressing.  In  the  beginning  em- 
piricism has,  therefore,  here,  as  in  most  other  branches  of  technical 
knowledge,  preceded  the  theoretical  perception  of  phenomena.  But 
theory,  though  it  has  since  clearly  demonstrated  the  law,  has  not  yet 
obtained  sufficient  credit  in  practical  affairs  to  solve,  technically,  the 
delicate  questions  of  the  art  of  ore-dressing. 

II.  THE  DEVELOPMENT  OF  SCIENTIFIC  PRINCIPLES. 

I.  General  Principles  of  the  Wet- Way. — The  works  on  mechan- 
ical ore-dressing  in  the  first  half  of  the  century  here  to  be  considered 
have  confined  themselves,  as  a  rule,  merely  to  the  description  of 
arrangements  and  manipulations  in  use  in  certain  mining  districts,  and 
the  practical  experience  acquired  therein.  Dr.  T.  C.  B.  Karsten  first 
gave  a  general  scientific  description  of  ore-dressing,  and  a  critical  elu- 
cidation of  the  methods  of  work  known  and  in  use  at  that  time,  with 
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his  observations  thereon,  in  his  System  of  Metallurgy, ^whWshtd  in  two 
volumes  in  183 1.* 

An  interval  of  twenty  years  elapsed,  viz.,  till  the  year  185 1,  before  the 
method  of  careful  observation  in  the  path  of  analytical  experiments, 
to  which  we  owe  the  great  advance  of  the  present  day  in  the  depart- 
ment of  science  and  in  all  branches  of  industry,  was  applied  to  the 
well-known  phenomena  of  mechanical  ore-dressing.  M.  V.  Pernolet 
published  at  that  time  the  results  of  his  comprehensive  experiments  f 
on  the  free  fall  of  bodies  of  different  specific  gravities  in  mediums  of 
different  densities, — water,  brine,  and  solutions  of  sulphate  of  iron, — 
not  only  in  the  quiescent  state  of  the  latter,  but  also  in  horizontal 
streams  of  water  and  air. 

At  the  same  time  he  particularly  directed  his  attention  to  the  limits 
within  which  it  is  possible  to  sort,  mechanically,  comminuted  ore 
and  gangue,  through  sieves  of  certain  mesh,  by  volume  and  by  size 
of  grain,  before  the  separation  by  specific  gravity.  He  further  deter- 
mined the  influences  caused  by  change  in  form  of  the  fragments, 
experimenting,  first,  with  the  ball,  as  the  simplest  figure,  and  then 
with  cubes,  plates,  and  wedge-shaped  splinters.  He  also  analyzed 
the  sharpness  of  separation  according  to  specific  gravity,  the  mineral 
character  of  the  constituent  parts  taken  into  consideration.  Pernolet 
proved  at  the  same  time  that  water,  by  reason  of  its  greater  density, 
furnished  a  more  fitting  medium  than  air  for  separating  the  commi- 
nuted ore  and  gangue  by  free-fall,  according  to  the  specific  gravities, 
and  rejected  the  system  of  wind  separation  proposed  by  Grand- 
Besangon  in  the  year  1828,  which,  some  twenty-five  years  later, 
under  the  name  "trieur  a  vent,"  was  tried  in  the  mines  of  Nouvelle 
Montagne,  near  Engis,  in  Belgium,  and  in  other  continental  mines 
(among  others,  also,  for  dressing  rock-salt  at  Stassfurt),  without 
proving  permanently  practicable  in  the  direction  pursued  at  that 
time.  He  further  made  various  proposals  to  try  the  separation  in 
a  deep  trench  of  water,  through  the  combined  effect  of  a  free-fall 
of  the  grains  to  be  separated  and  the  velocity  of  the  stream  of 
water. 

The  two  German  mining  engineers.  Chief  Director  of  Mines  Ju- 
lius von  Sparre  and  Mining  Assessor  Max  von  dem  Borne,  may  be 

♦  In  this  well-known  work  (p.  379)  a  review  is  given  of  the  then  existing  literature  of 
ore«dressing,  to  which  we  here  refer ;  with  regard  to  the  new  literature,  consult  the  text- 
book of  Prof.  M.  F.  G&tzschmann,  vol.  i.,  1864;  vol.  ii.,  1872;  published  at  Leipsic,  by  A. 
Felix. 

f  Introduction  d  r Etude  des  Preparations  michaniques^  Annates  des  Mines^  4  sec.  sir., 
185 1,  tome  XX.  pp.  379  and  535 ;  5  sir.,  1853,  tome  iv.  p.  144;  1856,  tome  ix.  p.  281. 
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called  the  founders  of  the  modern  theory  of  ore-dressing,  through 
their  scientific  investigations  of  the  mathematical  laws  upon  which 
the  separation  of  minerals  of  various  sizes,  both  in  still  water  and  in 
moving  streams  of  water,  even  to  the  finest  slimes,  depends.  They, 
especially  the  first  mentioned,  have  succeeded  in  developing  general 
formulae,  by  the  introduction  of  simplified  hypotheses,  which,  within 
certain  limits,  can  be  used  even  in  the  most  complicated  cases  of  prac- 
tice, and  which  later  co-workers  on  the  same  subject  have  not  replaced 
by  more  practical  methods  of  mathematical  solution.  That  the  merits 
of  these  worthy  gentlemen,  richly  deserved  by  the  introduction  of 
several  new  and  important  apparatus  for  the  dressing  of  ores  prac- 
tically, have  scarcely  been  appreciated  in  technical  literature  ought 
not  to  be  considered  a  sufficient  reason,  from  the  stand-point  of  un- 
partisan  criticism,  why,  in  this  description  of  the  historical  develop- 
ment of  ore-dressing,  an  attempt  should  not  be  made  to  examine 
more  closely  the  results  of  their  labors  in  comparison  with  those  of 
other  authors  of  a  wider-spread  reputation,  who  have  made  use  of 
these  results.  The  practical  and  theoretical  labors  of  Von  Sparre 
began  demonstrably  at  an  earlier  date  than  those  publications  of 
Pernolet*  mentioned  above.  An  essay  delivered  to  the  Prussian 
Minister  of  Commerce,  Trade,  and  Public  Works,  in  June,  1854,  has 
not  been  published.  A  series  of  essays  followed  this  in  the  years 
1858  and  1859,  published  in  the  Bergwerks  Freund,  and  entitled  Con- 
tributions to  the  Science  of  Ore-Dressing.  A  shorter  critical  review  of 
the  results  of  his  labors,  in  comparison  with  those  of  other  authors, 
was  published  ten  years  later  in  a  special  paper.f 

About  the  year  1853,  Von  dem  Borne  invented  and  introduced  into 
practice  the  so-called  "  Strom  apparate"  (slime  separators),  cylindrical 
and  funnel-shaped  vessels,  in  which  the  separation  is  effected  by  a 
perpendicularly-rising  column  of  water  of  constant  velocity,  and  which 
have  been  often  used  with  success. 


♦Von  Sparre  received  a  Prussian  patent  in  1852  for  a  revolving  apparatus  (Drehpcter), 
to  separate  the  ore  grains  by  free-fall  in  water;  followed  later  by  bis  "  Fallgraben,"  graviU- 
tion-pit,  depending  for  effect  on  a  direct  horizontal  stream  of  water,  and  similar  to  Pemolet's 
apparatus. 

t  Von  Sparre  on  the  Theory  of  Separation,  or  Critical  Remarks  on  Rittinget^i  Text 
Book  of  Ore-Dressing,    Oberhausen,  A.  Spaarmann,  1869. 

Von  Sparre  here  maintains  his  and  Von  dem  Dome's  scientific  priority.  Without  going 
into  Rittinger's  own  defense  in  the  Austrian  professional  journals,  it  is  here  well  established 
that  Rittinger  knew  the  earlier  labors  of  these  authors,  and  had  adopted  their  theories  of 
the  free-fall  of  mineral  balls  in  water,  at  rest  or  in  motion,  in  certain  cases  without  acknowl- 
edgment of  their  origin.  His  varying  theories  in  other  departments  of  ore-dressing  are 
worthless,  because  resting  on  improbable  hypotheses. 
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In  his  essay,*  published  in  1857,  he  not  only  describes  these  appa- 
ratus, but  also  develops  the  mathematical  formulae  of  the  laws  of  mo- 
tion of  ore  grains  in  such  an  ascending  column  of  water,  expressed  in 
simple,  easily-understood  propositions,  as  follows :  In  the  three  follow- 
ing general  equationsf  for  two  different  mineral  grains  the  specific 
gravity  or  density  is  designated  d  and  ^,  the  diameter  by  D  and  Z>j, 
the  absolute  weight  P  and  P^,  the  constant  velocity  of  the  ascending 
stream  sufficient  to  keep  these  bodies  floating  at  the  same  height  by 
Fand  V^y  and  ^  is  a  constant  co-efficient  derived  from  the  medium 
and  the  form  of  grains. 

I.  When  the  two  grains  obtain  the  same  constant  velocity  in  the 
same  ascending  stream : 


D 


',       d—i'P,       d,\d—iJ 


2.  For  the  ratio  which  must  exist  between  the  velocities  of  two  as- 
cending streams  of  water,  in  order  that  two  bodies  of  the  same  size 
and  similar  form,  having  different  specific  gravities,  may  be  kept  afloat, 
so  that  the  bodies  neither  rise  nor  fall : 


d—i        V      ^/-d- 

'  or 


3.  For  two  bodies  of  equal  specific  gravities,  but  unequal  diameters, 
under  analogous  circumstances : 

-  =  — „andr=      .A__ 

The  three  different  formulae  are  only  true  for  the  maximum  veloci- 
ties obtained  for  the  free-fall  of  balls  in  water,  and  must  be  used  only 
in  separations  effected  by  a  fall  through  a  very  large  uninterrupted 
space.  With  these  limitations,  the  following  rules  obtained  by  Von 
dem  Borne  are  true  : 

A, — A  body  introduced  into  an  ascending  stream  of  water  of  con- 
stant velocity  obtains,  in  a  certain,  comparatively  very  short  time,  a 
constant  ascending  or  descending  velocity;   moreover,  the  less  its 

*  In  the  Zeitsckrift  flir  das  Berg-^  Hutten-  und  Salinenwesen  in  dem  Preussischen  Staate, 
Vol.  IV.,  p.  224. 

t  The  general  formulse  which  Messrs.  Von  dem  Borne  and  Von  Sparre  have  established 
for  ball-shaped  bodies,  in  the  quoted  essays,  cannot  be  entered  here,  but  only  the  chief 
results  be  given,  and  for  further  particulars  the  essays  themselves  must  be  consulted. 
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diameter  and  the  less  its  specific  gravity  exceeds  that  of  the  water, 
the  greater  is  its  velocity. 

B, — Of  two  bodies  of  different  specific  gravities,  which  are  moved  by 
an  ascending  stream  of  water  of  constant  velocity,  and  whose  diame- 
ters are  such  that  they  both  in  time  obtain  the  same  velocity,  the  spe- 
cifically lighter  of  these  equal-falling  bodies  moves,  in  the  beginning, 
faster  than  the  specifically  heavier  one. 

C, — The  formulae  Nos.  I  and  2  are  independent  of  the  greatness  of 
water-velocity  V;  therefore  must  two  equally-falling  bodies  obtain 
the  same  velocity  of  motion  in  every  ascending  stream  of  water  of 
constant  velocity,  whether  it  moves  quicker,  slower,  or  not  at  all. 
The  formulae  and  the  above  two  laws  are,  therefore,  true  for  the  free- 
fall  of  bodies  in  water  at  rest.  Von  Sparre,  in  his  Contributions  to  tlie 
Science  of  Ore-Dressing  (p.  375),  developed  from  formula  No.  I,  under 
this  hypothesis,  the  law  of  equal-falling  balls. 

D, — Where  equal  spaces  are  fallen  through  in  the  same  time,  the 
diameters  are  in  inverse  ratio  to  the  specific  gravities,  the  weight  of 
the  water  being  deducted.  Further,  in  regard  to  the  extent  of  space 
passed  over  at  the  maximum  velocity,  this  author  has  proved  the 
additional  law : 

E. — Balls  of  equal  specific  gravities,  which  fall  through  equal  spaces 
in  the  same  time,  are  to  each  other  as  the  square-roots  of  their  diam- 
eters ;  if  of  equal  diameters,  they  are  to  each  other  as  the  square-root 
of  their  specific  gravities,  the  water  being  deducted.  Finally,  Von 
Sparre  proved  (p.  338)  the  important  rule : 

F, — If  the  same  kind  of  separation  is  to  be  produced  between  balls 
of  different  specific  gravities,  passing  through  a  given  space  with  the 
maximum  velocity,  then  must  the  greatest  and  smallest  diameters  of 
the  grains  contained  in  the  mass  to  be  worked  up  always  stand  in  the 
same  geometrical  ratio.  This  proposition  is  especially  important  in 
practice,  because  further  rules  are  founded  on  it. 

G, — In  sorting  according  to  the  size  of  the  grains,  by  means  of  a 
series  of  sieves  of  different  meshes,  which  should  precede  the  separa- 
tion by  specific  gravity,  the  diameter  of  the  successive  meshes  should 
diminish  in  geometrical  progression.  These  simple  principles  afford 
a  suflRciently  safe  basis  for  a  pretty  broad  field  of  operations.  We 
compile  in  the  following  tables  the  theoretical  values  of  the  prin- 
cipal minerals  treated  in  dressing,  figured  from  the  above  and  from 
Von  Sparre*s  formulae,  with  Pernolet's  experimental  results,  in  Tables 
3  and  4,  farther  on,  which  are  adapted  to  the  circumstances  of  prac- 
tical business,  and  show  the  influence  caused  by  the  form  and  structure 
of  the  minerals. 
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TABLE  I. —  Theoretical  height  of  fall  of  ball-shaped  minerals^  in  equal  falling-times^  in 

water ^  at  rest,  according  to  Von  Sparre.* 


DlAMBTBX  OF  BaLL  IN  MlUIMBTRBS,  CORKB- 
SPONDING  TO  THB  FaLLXNC-TiMB  OF 

Hbight  of  Fall  in  Equal  Timbs  in  Milumbtrbs. 

3.600 

Seco 

X7.ia5 
nds. 

Gold. 

Galena. 

) 

Blende. 

Quartz. 

Anthracite. 

a,  17.43a 

b.  8.7x6 

0.7714 
0.3857 

9416 
6658 

5658 
4000 

3844 
27x8 

3807 
198s 

X3X6 

859 

The  ratio  of  the  diameters  of  the  balls  for  the  shorter  falling-time 
in  column  i,  as  well  as  for  the  longer  falling-time  in  column  2  of 
the  two  lines  a  and  b^  is  as  i  :  2.  This  geometrical  ratio  of  ball- 
diameter  requires  the  same  ratio  of  falling-heights  in  equal  time. 
If  the  columns  i  and  2  designate  two  sorts  of  grains,  classed  by 
sieve,  and  the  diameters  at  a  and  b  represent  the  largest  and  smallest 
grains  of  the  two  kinds,  then  is  the  ratio  2  :  I  of  the  maximum  to 
the  minimum  not  yet  sufficient  to  separate  blende  from  quartz  by 
means  of  free-fall.  In  consideration  of  this  circumstance,  and  of  the 
influence  of  the  grains  of  mineral  to  be  separated,  Von  Sparre  has 
adopted  the  geometrical  ratio  of  s/2  :  i,  for  the  diminution  in  the 
size  of  the  mesh  of  the  sorting  sieves  or  drums  for  practical  use,  and 
has  reckoned  out  the  following  table,  No.  2,  metrically  from  that 
formula: 

TABLE  n. —  Theoretical  maximum  falling-velocity  of  sorted  mineral  balls  in  standing 

water^  by  Von  Sparre, 


Kinds 

I^IAIfBTBB 

Spacb 

FALLBN  THROUGH  IN  OnB  SbCOND  IN  MlLUMBTRBS. 

OF 

Grains. 

IN 

Milumbtrbs. 

1 

Gold. 

Galena. 

Blende. 

Quartz. 

Coal. 

X 

1744 

36x5 

X57a 

1068 

I^ 

338 

a 

xa.3( 

aaoo 

1333 

898 

656 

384 

3 

8.7a 

X849 

XIXX 

755 

55a 

339 

4 

6.16 

J555 

?ll 

635 

464 

30X 

5 

4.36 

1308 

534 

390 

X69 

6 

3.08 

xxoo 

66x 

449 

338 

14a 

1 

a.x8 

924 

555 

377 

376 

xao 

».54 

778 

466 

317 

333 

xoo 

9 

1.09 

654 

393 

367 

195 

84 

Xo 

0.77 

550 

330 

334 

X64 

71 

11 

0.54 

46a 

378 

X89 

X38 

60 

12 

0.38 

389 

196 

«59 

X16 

50 

X3 

o.a7 

337 

X33 

98 

4a 

Fig.  I,  on  page  216,  shows  the  results  of  this  table  in  natural  size, 
but  reduced  in  time  to  one-tenth  of  a  second. 


*  Contributions  to  the  Science  of  Ore-Dressings  in  the  Bergwerks  FreunH  of  1859,  p. 
387.  The  specific  weight  of  gold  is  here  assumed  at  19,  that  of  galena  at  7.5,  of  blende 
at  4.0,  quartz  at  2.6,  and  of  anthracite  at  1.4. 
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TABLE  III. — Medium  falling-velocity  of  sorted  mineral  grains  in  a  standing  column  of 

water^  according  to  the  experiments  of  M.  Pemolet, 


DiAMBmt  OF  Mbsh 

FALUNG-VBX.OCITY  IN  MZLLXMaTltBS    PBR   SbCOMD. 
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93-41 
76-38 
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360-345 
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340-116 
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343-920 
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CamVric  silk  gauze 

Dust  fallen  thmnvh 
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From  the  coarser  grains  in  the  above  table,  that  is,  the  first  four 
sieve-classes,  M.  Pernolet  has  also  determined  for  each  sieve-class 
and  each  mineral  the  proper  weight  for  the  greatest  and  smallest 
grains  of  each  class,  corresponding  to  the  maximum  and  minimum 
velocities  given  in  the  table. 

TABLE  IV. — Maximum  and  minimum  gravities  of  the  grains'  of  the  classes  i''4 

inclusive  of  Table  IIL^  by  Pemolet, 


Class  of  Sibvbs. 

Galbma. 

QUARTX. 

Coal. 

Maximum 
Grains. 

Minimum 
Grains. 

Maximum 
Grains. 

Minimum 
Grains. 

Maximum 
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Minimum 
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78.33 
31.35 

X.416 
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17.50 

x-43 
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0.1 30 

44.90 

X0.70 

0.90 

0.30 

9.70 
0.314 
0.086 
0.039 

x8.oo 
•    5.00 
0.325 
0.150 

3-75 

0.333 
0.050 

0.090 

4 

If  we  compare  the  grains  of  the  three  minerals,  galena,  quartz,  coal, 
assumed  in  the  table  to  be  of  equal  value,  with  the  maximum  and 
also  with  the  minimum  size  of  each  class  of  sieves,  we  obtain  the 
following  observed  ratios  of  the  medium  falling-velocities  of  such 
equal-sized  kinds  of  grains : 


Sieve-class  i 

3 

4 


« 


« 


« 


Maximum  Grains. 
4.83  :  2.40  : 1 
5.82  :  2.50 :  I 
5.00:2.70:1 
6.16:2.85:1 

Average  value  =  5.45  :  2.6 x  :  I 


Minimum  Grains. 
6.18:  1.60:  I 
5.82:  1.70:  I 
9.20:  1.96:  I 
9.46:  1.55:  I 

7.59:  1.70:  I 
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According  to  Table  II.  the  relative  velocity  of  these  ball-shaped 
bodies  must  be  in  the  ratio  of  1572  :  780  :  338  =  4.65  :  2.31  :  i. 

While,  accordingly,  only  a  slight  variation,  due  to  form,  shows  itself 
for  the  maximum  grains  of  the  first  class,  a  considerable  irregularity, 
increasing  with  the  fineness  of  the  grains,  appears  in  the  finer,  es- 
pecially the  minimum  class.  The  quartz  grains  of  the  first  sieve- 
class  appear  to  fall  nearly  the  same  as  the  galena  grains  of  the  fourth 
class.  The  size  of  mesh  gives  a  ratio  of  about  5:1.  Table  II.,  column 
4,  shows,  for  approximately  equal-falling  grains  of  quartz  and  galena, 
a  diameter  ratio  of  17.44:4.36  =  4:  I.  The  coal  grains  of  Perno- 
let's  first  sieve-class  appear  almost  exactly  equal-falling  with  the 
galena  grains  of  the  ninth  sieve-class,  the  ratio  of  the  mesh  being 
30:  1.5  =  15  :  I.  According  to  Table  II. 'the  theoretical  ratio  of  di- 
ameter of  equal-falling  grains  of  coal  and  galena  is  17.44 : 0.77  =  23 :  i. 
There  still  remains  to  be  considered,  that  in  these  experiments  the 
coal  grains  of  the  first  class  have  been  sorted  with  square-holed  sieves, 
and  the  galena  grains  of  the  ninth  class  with  round-holed  sieves,  and 
that  the  true  ratio  of  the  diameter  of  equal-falling  grains  might  be  larger 
than  15:1,  perhaps  20  :  i.  In  this  experiment  there  appears  as  great 
an  agreement  with  the  above  theory  as  can  generally  be  expected, 
considering  the  irregularities  in  practical  grain-sorting.  Table  III.,  up 
to  the  ninth  sieve-class,  which  includes  grains  from  about  0.5  to  1.5 
millimetres  in  diameter,  shows  tolerably  distinct  gradations  in  the 
falling-velocity  from  sieve-class  to  sieve-class.  In  the  two  finest  classes 
we  find  irregular  appearances  from  the  impossibility  of  sorting  such 
fine  sand  and  dust,  according  to  size,  through  sieves.  Experience  has 
since  shown  that  these  nine  sieve-classes  form  the  practical  limit  to 
which  the  drum-sifting  and  jigging  of  our  newest  and  best  ore-dress- 
ing establishments  can  go.  Below  these  limits  the  slime  processes 
begin,  in  which  technics  must  still  expect  to  have  to  solve  the  worst 
difficulties.  Before  we  enter  upon  the  complicated  arrangements  of 
slime-dressing  we  may  be  allowed  to  dwell  somewhat  longer  on  the 
principles  of  the  dressing  of  the  coarser  material,  the  granular  and 
coarsely-crushed  stuff.  The  apparatus  used  for  the  preparation  of  these 
sorts  of  stuff  in  the  wet-way  can  be  divided  into  the  following  groups  : 

1.  Gravitation  Apparatus,  for  separation,  in  still  or  horizontally- 
moving  water,  by  which  all  the  grains  are  deposited  in  several 
successive  layers  on  the  bottom,  or  caught  in  several  adjoining  com- 
partments, and  separated  into  the  various  kinds  of  minerals  by  specific 
gravity. 

2.  Slime  Separators,  cylindrical  or  funnel-shaped  vessels,  in  which 
a  perpendicular-rising  stream  of  water  carries  up  the  lighter  and  finer 
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grains,  but  allows  the  coarser  grains  to  sink  down,  and  consequently 
divides  into  two  kinds  only. 

3.  Jiggers,  or  Jigging-Machines,  in  which  the  water  works  from 
below,  with  intermittent  upward  thrust,  against  sieves,  upon  which 
the  matter  to  be  separated  lies  spread  out  flat,  and  is  raised  by 
the  shock  only  a  few  centimetres  to  fall  directly  upon  the  bottom 
again,  so  that  the  separation  of  the  minerals  into  various  layers 
according  to  specific  gravity  occurs  only  after  repeated  rises  and 
falls. 

The  first  group  comprises  the  settling-pits,  the  cylindrical  settling- 
tubs  of  Von  Sparre,  Hundt,  and  Rittinger,  and  the  coal-washer  of 
Evrard.  This  group,  after  a  previous  careful  sizing  by  means  of  the 
preceding  principles,  gives  a  sufficiently  close  separation  according 
to  specific  gravity,  but  still  only  reaching  the  size  of  fine  grains.  But 
since,  in  falling,  the  heavier  grains  knock  against  the  slower  and 
lighter  ones  and  drive  them  from  their  course,  and  since  practical 
difficulties  are  connected  with  the  introduction  of  the  grains  into 
the  water  and  the  maintaining  of  a  uniform  motion  of  the  water- 
stream,  the  permanent  introduction  of  these  apparatus  into  practice 
has  been  delayed  or  rendered  difficult.  According  to  the  experi- 
ments of  Pernolet  and  Von  Sparre,  these  objections  are  especially 
true  in  working  fine  matter.  The  same  phenomena,  according  to 
Pernolet,  appeared  in  using  streams  of  air,  only  in  a  higher  degree, 
and  even  failure  occurred. 

The  second  group  comprises  the  cylindrical-,  siphon-,  and  funnel- 
shaped  apparatus,  the  so-called  slime  separator  or  siphon  apparatus 
and  sluices.  This  is  adapted  to  the  separation  into  equal-falling 
sorts  of  sandy  ores  which  cannot  be  further  sized  on  sieves.  Fin- 
ished dressing  products  cannot  be  made  of  sufficient  purity,  as  a  rule, 
by  this  method  unless  the  material  has  had  special  treatment  before- 
hand in  another  dressing  apparatus,  operated  on  a  different  principle 
from  that  of  equal-falling  grains. 

The  third  group,  which  includes  the  variously-constructed  and 
especially  important  jiggers,  does  not  absolutely  demand  an  earlier 
or  later  careful  sorting  of  the  grains  in  order  to  produce  sufficiently 
pure  products  and  tailings,  but  the  labor  of  separation  is  shortened 
and  lightened  by  it.    It  is  adapted  to  coarse  stuff  as  well  as  to  sand.* 

The  principle  of  equal-falling  grains  does  not  apply  to  it.  As  we  have 
already  above  discussed  the  principles  by  which  equal-falling  grains 

*  According  to  Karsten,  p.  347,  cobalt  slich,  from  the  percussion-table  process,  containing 
spathic  iron  ore,  had  been  successfully  cleaned  from  the  foliated  spathic  iron-sand  upon 
h3rse-hair  jiggers  fifty  years  ago,  in  Siegerland. 
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are  separated  in  a  rising  column  of  water  of  constant  velocity,  and 
have  besides  seen  that  they  are  applicable  to  a  still  column  of  water, 
the  principles  applicable  to  the  third  group,  viz.,  the  jigging-machines, 
remain  to  be  developed  in  a  rapid  manner. 

Jigging  Operations. — Von  dem  Borne  has  already  shown,  in  his 
above-mentioned  law,  B,  that  equal-falling  bodies, — /'.  ^.,  such  grains 
of  different  specific  gravities  as  attain  the  same  constant  velocity  in  a 
rising  stream  of  water  after  the  lapse  of  a  given  interval  of  time, — 
the  specifically  lighter  bodies  must  fall,  in  the  beginning  of  this  time, 
quicker  than  the  specifically  heavier  ones.  Now,  as  in  all  jiggers  a 
repeated  up-and-down  motion  takes  place  in  very  short  intervals  of 
time  and  with  a  very  small  rise  and  fall,  and  since,  at  the  same  time, 
the  ascent  of  the  jigging  stuff  must  take  place  by  jerks,  but  the  descent 
by  the  most  undisturbed  free-fall  possible,  in  order  to  produce  an 
effective  separation,  no  use  must  be  made  here  of  the  principles  of 
and  observations  upon  the  average  falling-velocity  of  equal-falling 
grains  with  a  constant  maximum  velocity,  which  are  true,  though  for 
a  longer  interval  of  time  of  fall,  and  may  be  considered  as  synonymous 
in  practice.*  In  these  rapid  oscillations  between  a  higher  and  lower 
point  of  rest,  the  essential  question  is  the  repeated  effect  of  the  fall- 
ing-velocity, variable  in  the  beginning,  of  mineral  grains  within  very 
small  heights  and  times  of  fall.  The  influence  of  the  push  raising 
the  mass  on  the  sieve  is,  however,  entirely  left  out  of  the  calcu- 
lation. The  merit  of  having  cleared  up  and  proved  theoretically, 
as  far  as  possible,  this  difficult  problem  of  jigging,  so  extremely  im- 
portant in  practice,  is  due  to  Von  Sparre.  As  the  complication  of 
the  formulae  developed  by  him  in  his  Contributions  to  the  Science  of 
Ore-Dressing  forbids  their  direct  use,  he  has  there  made  a  table  (page 
401)  which  shows  clearly  the  initial  and  still  increasing  velocity  of, 
and  the  space  fallen  through  by,  galena  and  quartz  balls  of  different 
sizes,  as  well  as  the  resulting  differences  of  the  spaces  fallen  through 
in  different  fractions  of  the  first  second.  In  this  way  is  shown,  in 
figures,  the  law  according  to  which  the  differences  of  the  spaces  fallen 
through  in  the  same  time  by  balls  of  varying  size  and  specific  gravi- 
ties increase.  We  here,  in  Table  V.,  give  an  extract  from  it.  Two 
sorts  of  grains  of  galena  are  placed  therein,  together  with  two  rela- 
tively equal-falling  sorts  of  quartz  grains,  and  also  with  a  third  quicker 
filing  and  very  coarse  sort  of  quartz  grain,  in  order  to  show  that  on 

^  The  more  general  definition  of  the  jigging-machine,  given  by  P.  von  Rittinger  (Lekr' 
huch  dtr  Aufbereitungskunde^  Berlin,  1867,  p.  273),  which  is  said  to  include  the  three 
groups  above,  is  opposed  to  the  theory  and  generally  introduced  customs  of  speech  on 
ore-dressing  science. 
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the  jigger  the  finest  grains  of  galena  can  be  separated  from  the  coarse 
quartz  grains  by  means  of  a  very  low  height  of  fall,  not  exceeding 
ten  millimetres. 

TABLE  V. — Initial  faJlifig-velocitY  and  falling- height  of  galena  and  quarts  haUs^  by 

Von  Sparre,* 
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Fig.  2  (next  page)  represents  a  portion  of  the  results  of  the  pre- 
ceding table.  The  same  table  shows  clearly  that  the  separation,  even 
with  high-rising  jiggers,  for  very  coarse-grained  stuff  depends  upon 
the  cumulated  effects  of  very  small  spaces  of  time,  of  less  than  ^ 
of  a  second,  and  that  it  only  needed  a  diminution  of  the  height  of 
lift  of  2.5  millimetres,  and  of  the  falling-time  of  ^V  ^^  ^  second,  in 
order  to  separate  very  small  galena  balls  with  a  diameter  of  yi  milli- 
metre from  38  times  thicker  quartz  balls  of  18.9  millimetres  diameter.f 

A  comparison  of  the  figures  i  and  2  shows  that  a  further  separa- 
tion, through  specific  weight  on  jiggers,  can  still  be  undertaken  with 
success,  though  the  material  has  been  previously  sorted  by  free-fall 
in  standing  or  moving  water,  or  in  a  slime  separator.  According  to 
the  theoretical  principles  of  Von  Sparre,  the  previous  sorting  of  the 
mass,  according  to  size  of  grains  in  the  jigging  process,  affords  the 
advantage  of  a  quicker  and  closer  separation,  according  to  specific 
gravity*    With  sorted  grains,  not  only  a  greater  efficacy  of  separation 


*  The  figures  of  Von  Sparre's  table  are  in  old  Rhenish  inches,  carried  out  to  5  decimal 
places.  In  the  above  reckoning  a  less  number  of  places  has  been  adopted  as  more  clear  and 
sufficiently  accurate. 

f  In  the  English  jigging  process  and  in  Evrard's  cylindrical  jigger  the  separation  of 
stttlT  not  previously  sized  depends  on  a  very  low  lift. 
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can  be  produced  with  the  jigger  at  each  lift,  but  it  is  also  possible  to 
give  the  requisite  height  and  rapidity  of  lift  to  the  jigger  used  for 
each  kind  of  grain,  or,  in  other  words,  to  separate  the  coarser  grains, 
with  stronger  stroke  and  slower  change  of  lift,  from  the  finer  grains, 
with  weaker  stroke  and  quicker  change  of  lift.  The  question  whether 
in  a  given  case  it  is  more  advantageous  to  go  into  the  minute  and  costly 
grain-sorting  by  means  of  screens  or  drum-sieves,  or  to  carry  on  the 
jigging  operations  without  sorting,  and  with  the  simplest  possible  ma- 
chinery, after  the  old  English  custom,  is  to  be  decided  solely  by  the 
economical  considerations  which  have  to  be  taken  into  account  in 
regard  to  the  plant  of  an  ore-dressing  establishment,  as  well  as  the 
rate  of  wages  and  the  loss  in  dressing.  Where  it  is  difficult  to  set 
up  and  maintain  machinery,  and  labor  is  cheap,  with  only  a  small 
quantity  of  mineral  to  work,  or  with  minerals  of  little  value,  the 
preference  is  to  be  given  to  the  English  hand-jigging,  more  especially 
as  by  this  practice  a  sorting  according  to  the  size  of  grains,  though 
incomplete,  takes  place  during  the  jigging  process.  In  the  English 
practice  jiggers  are  used  of  the  widest  possible  mesh,  made  of  thin- 
woven  iron  wire,  which  are  suspended  in  a  roomy  water-cask.  The 
width  of  the  machine-opening  is  about  one  centimetre.  The  practice 
is  to  gradually  concentrate  the  material  containing  ore  by  repeated 
operations,  to  diminish  the  loss  by  dressing,  and  at  the  first  operation 
to  get  rid  of  as  much  as  possible  of  the  refuse  **  deads,"  so  that,  in 
the  following  operations  of  jigging,  only  a  comparatively  small  quan- 
tity, which  can  be  more  carefully  treated,  remains  to  be  worked  up. 
Then  can  ores  difficult  of  separation — galena,  blende,  pyrites^ — ^be 
obtained  separately  with  moderate  closeness.  The  means  used  for 
this  purpose,  jigging  into  a  lower  vessel  and  upon  a  selected  ore-bed, 
are  deserving  of  notice,  not  only  on  account  of  the  English  hand- 
jigging  practice,  but  are  rendered  conspicuous  for  the  reason  that 
they  have  been  used  of  late  for  the  separation  of  sorted  material  on 
continuous  jiggers,  for  the  removal  of  the  specifically  heavier  ore 
grains,  with  most  favorable  results,  and  also  in  a  system  of  three  or 
four  jiggers  in  a  row,  upon  which  the  jigging-stuff  carried  forward 
through  the  stream  of  water,  so  as  to  separate  it  from  the  barren  stuff, 
the  "  deads"  (which  remain  in  the  bed  until  the  end),  by  means  of  the 
specific  gravities  of  the  kinds  of  ore  chosen  for  the  bed,  as  follows : 
I,  galena;  2,  blende;  3,  pyrites:  or  i,  galena;  2,  broken  or  crushed 
stuff  (Schurerz,  Walzerz)  coarsely  disseminated  with  ore;  3,  pulp 
from  the  stamps  (Pocherz)  finely  disseminated  with  ore,  the  middlings 
from  the  dead  and  country  rock,  "  deads,"  remaining  till  the  last  on 
the  bed.     The  difference  between  those  old  and  these  new  practices 
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is  that  a  sufficient  number  of  ores  in  the  continuous  jigger  are  sepa- 
rated in  one  operation  on  several  sieves,  while  in  the  other  the  same 
material  must  be  passed  many  times  through  the  same  sieve.  In  the 
English  hand-jigging  operation,  the  first  jigging,  especially  with  poor 
stuff,  takes  place  without  an  ore-bed.  The  unsized  stuff  is  brought 
on  to  the  previously  emptied  sieve,  and  worked  up  with  rapid  and 
gentle  concussion,  so  that  the  finer  grains,  still  containing  ore,  fall 
through  the  sieve  with  the  fine  ore  slich.  Fine  and  coarse  grains  of 
dead  stuff  remain  in  the  uppermost  layer  on  the  sieve,  which  must  be 
removed  as  refuse  at  each  stopping  of  the  jigging.  The  richer  layer 
underneath  is  renewed  in  strata,  and  the  medium  layer  is  further 
treated  as  middlings,  stamp-stuff,  and  crushing  stuff,  while  the  lowest 
and  richest  granular  layer  is  put  aside  in  bulk  for  later  fine  jigging, 
as  it  heaps  up  on  the  sieve  and  interferes  with  the  falling  through  of 
the  finer  grains,  which  still  contain  ore  of  the  average  specific  weight 
of  broken  galena  or  poor  blende.  As  soon  as  the  lower  tub  is  filled 
with  the  finer  ore-stuff,  considerably  concentrated  by  the  first  opera- 
tion, the  water  with  the  slich  suspended  therein  is  drawn  off  from  this 
receptacle  into  the  labyrinth  and  into  the  sump,  the  remainder  turned 
out,  and  then  subjected  to  the  second  operation.  If  galena  mixed 
with  blende  or  pyrites  occurs,  an  additional  thin  layer  of  blende  or 
pyrites  grains  of  the  right  size  is  in  the  next  place  spread  out  on  the 
sievd,  and  over  it  is  placed  the  material  to  be  jigged.  In  the  shocks 
of  the  jig  which  follow,  the  "bed,"  forming  the  lowest  layer,  permits 
only  the  specifically  heavier  grains,  that  is,  of  galena,  or  of  blende 
interspersed  with  galena,  to  pass  through  the  sieve  into  the  lower 
tub;  on  the  contrary,  all  grains  of  equal  specific  gravity,  such  as 
blende,  blende  grains,  and  the  galena  grains,  closely  united  with 
gangue,  remain  lying  on  the  blende-bed,  which  is  impenetrable  for 
them.  Over  the  fine  grains  of  blende  lie  in  close  proximity  the  stuffs 
for  rolling  and  stamping.  These  are  taken  off  from  the  layer  of  fine 
blende  grains  underneath,  and  then  this  last  layer  is  obtained  as  a 
finished  product  on  the  bed. 

The  third  operation  upon  the  concentrated  galena-stuff,  which  has 
passed  into  the  lower  tub,  is  then  begun  on  a  bed  composed  of  pure 
galena  grains,  by  which  means  the  pure  galena  settles  into  the  lower 
tub,  and  over  the  bed  is  spread  a  fine  middle  stuff,  galena  containing 
blende.  The  skill  of  the  jig-workers  is  shown  in  forming  the  ore-bed. 
It  is  evident  that  the  success  of  the  work  is  easily  endangered  where 
the  frequent  renewals  and  changes  needed  are  carried  out  with  defi- 
cient skill  or  experience.  On  this  ground,  too,  the  hand-jigger  gives 
less  equally-separated  sorts  of  ore  than  the  continuous-acting  jigger, 
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over  which  the  overseer  can  have  a  systematic  control  of  the  condition 
of  the  ore-bed. 

In  forming  ore-beds,  not  only  is  the  specific  gravity,  but  also,  espe- 
cially with  the  coarser  ore  grains,  the  form  of  the  bodies  making  the 
bed  to  be  considered ;  since  galena  grains  rapidly  become  round  by 
friction  and' then  unite  so  closely,  even  during  the  motion  of  the 
sieve,  that  the  smaller  galena  grains  cannot  penetrate  from  above 
into  the  intervals,  and  so  remain  above  instead  of  entering  the  lower 
tub;  for  this  reason  they  have  used  lately  in  Upper  Silesia,  with  great 
success,  in  the  continuous  jigger,  instead  of  galena  grains,  fragments 
of  old  iron,  short  bolts,  rivet-heads,  nuts,  of  the  requisite  size.*  In 
ore-dressing,  of  late  years,  an  increasing  preference  has  been  shown 
for  the  more  complete  practice  of  working  up  only  carefully-sized 
material  on  the  continuous  jigger.  On  the  contrary,  it  has  been 
found  that  in  coal-dressing  it  is  not  expedient  to  classify  the  jigging 
stuff  any  further,  according  to  size  of  grain,  after  separation  of  the 
coarser  pieces  still  suitable  for  hand-picking,  and  after  washing  oflT 
the  finest  coal-dust.  The  low  specific  gravity  of  coal  facilitates  the 
separation  by  jigging  so  much  that  even  the  finer  pieces  of  slate  and 
iron  pyrites  fall  to  the  bottom  quickly  enough.  Besides,  a  mixed 
material  of  various  kinds  of  grains  can  be  raised  on  the  sieve  by 
water  impact  higher,  and  therefore  can  be  worked  up  more  easily  and 
quickly  than  if  the  coarser  grains  were  jigged  by  themselves.  While, 
earlier  in  the  theoretical  struggle  after  improvement,  the  classification 
according  to  the  size  of  grains,  even  in  coal-washing,  has  gone  much 
too  far,  leading  to  the  setting  up  of  complicated  machinery;  still,  the 
advantage,  which  every  simplification  of  method  in  conformity  with 
principles  affords,  finds  due  consideration  in  the  later  establishments, 
even  where  the  most  complete  apparatus  is  in  use. 

Slime  Process  on  Tables. — The  dressing  of  the  very  fine  sandy 
and  slimy  ore-stuff,  which  is  no  longer  suitable  for  jigging,  is  still  in 
a  rather  unsatisfactory  state  of  development. 

Even  here  must  a  sorting,  according  to  size  of  grains, — "  sizing," — 
precede  the  cleansing  according  to  specific  gravity, — "separating." 

This  previous  work  is  no  longer  practicable  by  means  of  sieves,  on 
account  of  the  small  size  of  the  sand-  and  dust-particles.  In  the  last 
century,  a  system  of  slightly-inclined  or  horizontal  troughs,  the  laby- 
rinth (Mehlfiihrung),  with  gradually-widened  cross-section,  through 
which  the  sand  and  slime  particles  suspended  in  water,  the  *'  triibe," 

*  In  washing  coal  at  WaldenVmrg,  in  Lower  Silesia,  feldspar  grains  are  used  with  advan- 
tage for  the  bed  of  the  jigger. 
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were  conducted  with  decreasing  velocity,  in  order  to  deposit  these 
particles,  and,  after  sorting  them  incompletely  into  fine  and  coarse 
sand  and  slime,  of  various  grades  of  fineness  (Zahigkeit),  to  obtain  a 
supply  for  further  working  up.  As  the  heavier,  finer  ore-particles 
are  deposited  at  the  same  time  with  the  lighter,  coarser  particles  of 
refuse,  therefore,  as  a  rule,  concentration  according  to  specific  gravity 
takes  place  by  this  treatment  in  such  a  way  that  the  deposits  in  the 
current  of  the  troughs  become  successively  poorer;  so  that,  if  the 
last  trough  or  sump  is  made  wide  and  deep  enough,  the  last  and 
finest  tailings  can  be  allowed  to  escape  unused,  as  surplus  water, 
being  too  poor  to  pay  for  further  dressing. 

The  wide  extent  of  surface,  and  especially  the  troublesome  and 
expensive  removing,  collecting,  and  transporting  of  these  different 
varieties  of  sand  and  slime,  has,  during  the  last  fifty  years,  prompted 
many  improvements  for  taking  the  place  of  the  labyrinth,  especially 
for  the  purpose  of  withdrawing  from  the  principal  stream  the  sized 
and  relatively  enriched  kinds  of  sand  and  slime  in  concentrated  form, 
and  to  conduct  them  directly,  and  still  held  in  suspension  in  water, 
to  the  apparatus  which  further  concentrates  them.  After  Schitko,  in 
Schemnitz,  in  1823,  had  made  use  of  the  principle  of  an  ascending 
stream  of  water  in  his  trough  apparatus  (Luttenapparat)  without 
success.  Von  dem  Borne,  about  1853,  introduced  this  principle  into 
practice  in  his  cylindrical  slime  separator,  and  even  Rittinger  suc- 
ceeded in  giving  to  that  apparatus  a  practical  form,  in  the  inclined 
rising  and  falling  wooden  trough  of  his  "  Spitzlutte."  Rittinger  fur- 
ther succeeded,  by  the  use  of  long  pyramidal  vessels,  with  point  or 
edge  turned  down,  in  making  the  so-called  pointed  box  (Spitzkasten) 
a  very  efficient  apparatus  for  sorting  and  precipitating  slimes,  which 
since  its  first  use,  in  1844,  at  Schemnitz,  has  been  in  general  use. 
Wimmer,  at  Clausthal,  soon  after,  1850,  discovered  his  pointed  sepa- 
rating tubs  (Spitzgerinne),  used  in  separating  the  sandy  material 
coming  from  the  labyrinth,  composed  of  two  side  walls,  with  an  out- 
let in  the  deepest  part  of  the  troughs.  In  this  apparatus  the  principle 
of  free-fall  in  a  horizontal  stream  of  water,  with  a  gradually-diminish- 
ing velocity,  is  made  use  of.  C.  Kley  and  Bilharz,  some  few  years 
later,  discovered  and  improved,  at  the  Altenberg  Mine,  near  Aix-la- 
Chapelle,  the  "  Stromgerinne,"  a  more  perfect  form  of  pointed  trough, 
by  which  a  clear  stream  of  water  is  introduced  from  below,  through 
a  slit  in  the  trough,  in  order  to  free  the  coarser  sand  grains,  that  sink 
out  of  the  tailings,  from  the  finer  sand  and  slime  particles.  With  this 
principle,  also,  was  combined  the  principle  of  an  ascending  stream  of 
clear  water,  which  Hoffmann  had  made  use  of,  ten  years  before,  in 
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Banaty  in  his  slime  separator  (purifying-tubs,  Laiiterkasten),  and 
which  has  been  carried  out  later,  systematically,  by  Von  dem  Borne. 
Martin  Neuerburg,*  civil  engineer  at  Kalk,  near  Cologne,  well  known 
through  his  exertions  in  the  field  of  ore-dressing,  produced  an  appa- 
ratus under  the  name  of  "  Classificator/*  which  worked  with  similar 
effect,  but  which  outwardly  was  more  nearly  related  to  Von  Sparre's 
settling-pit 

This  combined  treatment  then  came  into  use,  for  the  tough  slime, 
in  pointed  boxes.  The  previously-developed  laws  of  free-fall  in  water, 
which,  according  to  Pernolet's  experiments,  do  not  hold  true  with  the 
finest  sorts  of  grains,  that  can  still  be  easily  measured,  can  be  used  in 
the  previous  apparatus  only  to  a  narrow  extent ;  because  the  influence 
of  the  adhesion  of  the  water  increases  to  such  an  extent,  with  the 
fineness  of  the  grains,  that  the  influence  of  gravity  on  the  single 
grains  is  nearly  destroyed,  and  the  mass  of  slime  assumes  the  pecu- 
liarities of  gelatinous  substances.  This  condition  is  especially  pro- 
duced by  the  limy  and  slaty-clay  refuse,  which  is  closely  connected 
with  the  ores,  and  renders  extremely  difficult  the  further  treatment 
of  the  slimes  by  washing.  According  to  the  theoretical  development 
of  Von  Sparre,  in  the  above-given  discussion  upon  the  rolling  friction 
of  grains  upon  a  smooth  horizontal  surface,  the  grains  deposited  in 
the  old  labyrinth,  with  a  certain  velocity  of  water,  would  be  in  diam- 
eter inversely  as  the  squares  of  their  specific  gravities,  the  weight  of 
the  water  being  deducted ;  but  with  equal  specific  gravities  and  de- 
creasing velocity,  the  diameters  of  the  grains  deposited  in  the  stream 
are  to  each  other  as  the  fourth  powers  of  the  velocities  of  the  stream. 
This  law  differs  essentially  from  the  above-mentioned  laws  of  equal- 
falling  grains,  as  proved  in  the  slime  separator,  whose  diameters  were 
inversely  as  their  specific  gravities,  the  weight  of  the  water  being  de- 
ducted. In  the  case  of  the  sluices  and  pointed  boxes,  where  the  roll- 
ing friction  and  the  stream  of  water'  act  in  combination,  even  without 
considering  the  influence  of  adhesion,  a  complication  of  both  laws 
must  necessarily  occur.  The  theoretical  examination  of  the  foregoing 
laws  proves  still  more  difficult  in  washing  out  finer  material  on  either 
fixed  or  movable  inclined  planes. 

Von  Sparre's  theoretical  investigations  in  this  department,  which 
are  to  be  preferred  to  those  of  Rittinger,  in  our  opinion,  have  pre- 
pared the  way  to  clearing  up  and  making  easily  understood,  in  some 
measure,  the  peculiar  phenomena  of  washing  operations.     It  would. 


*  Formerly  technical  director  of  the   Humboldt  Stock  Company  (previously  Sievers 
&  Co.),  at  Kalk. 
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however,  be  going  beyond  the  limits  of  this  essay  to  enter  in  detail 
into  the  numerous  propositions  developed  by  Von  Sparre.  We  must, 
therefore,  limit  ourselves  here  to  seizing  some  few  principal  points 
only. 

In  the  year  1853,  Von  Sparre  caused  to  be  constructed  the  appa- 
ratus shown  in  the  adjoining  sketch,  which  is  very  suitable  for  ore- 


dressing  experiments  in  the  laboratory,  and  which  permits  the  velocity 
of  the  stream  of  water  to  be  regulated  independently  of  the  inclination 
of  the  table  surface.* 

The  experiments  with  it,  in  conformity  with  theoretical  investiga- 
tions, undertaken  under  the  supposition  that  it  is  possible  to  regulate 
the  velocity  of  water  independently  of  the  inclination  of  the  table  surface, 
gave  the  additional  rules  : 

H. — With  grains  of  a  given  specific  gravity,  every  angle  of  inclination 
of  the  table  surfaces  is  suited,  or  adapted,  to  a  distinct  size  of  grain, 
which  opposes  the  greatest  resistance  to  the  stream  of  water,  and,  by 
a  gradual  strengthening  of  the  stream,  is  finally  washed  along. 

/. — The  larger  the  grains  to  be  obtained  the  smaller  must  be  the 
inclination  of  the  table  ;  on  the  contrary,  the  smaller  the  grains  the 
greater  must  be  the  inclination. 

K. — A  perfectly  determined  diameter  corresponds  to  every  given 
angle  of  inclination,  which,  for  all  grains  of  the  same  specific  gravity, 
presents  the  greatest  resistance  to  the  current  of  water,  and  is  equal 
for  all  substances  independent  of  their  specific  gravities;  therefore 
the  velocity  of  water,  by  which  grains  of  a  given  diameter  are  de- 
posited, is  as  the  square  roots  of  the  specific  gravities,  and  the  same  is 
true  for  the  velocity  of  water  by  which  the  equal  maximum  velocity 
is  given  to  such  grains. 

*  The  apparatus,  under  the  name  of  "  Gto-ss  Inclination  TatiLe,"  lany  be  ordered  tnm 
Ihe  mechanician.  Dr.  Geisaler,  of  Bonn,  at  the  pri«e  of  9  marki  current. 
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L, — ^The  separation  goes  on  more  easily,  i,  the  greater  the  differ- 
ence of  the  specific  gravity  of  the  minerals  to  be  separated  and 
obtained ;  2,  the  less  the  grains  of  the  specifically  heavier  minerals  to 
be  obtained  differ  in  size;  and,  3,  the  more  the  average  size  of  grain 
of  this  mineral  varies  from  the  mineral  to  be  obtained. 

These  requisites,  according  to  Von  Sparre's  further  experiments,  are 
only  attainable  upon  open  tables  to  which  a  certain  motion  is  commu- 
nicated, and  whose  effect,  together  with  the  force  of  gravity  acting  on 
the  water  and  on  the  grains,  unites  in  an  effective  resultant  force  in  an 
oblique  direction,  ist,  through  a  backward  motion,  as  in  the  ordinary 
percussion-tables ;  2d,  through  steadily  operating  centrifugal  force,  on 
buddies ;  3d,  through  intermittent  centrifugal  force,  on  oscillating  or 
horizontally  shaken  tables.* 

The  end-  and  side-stroke  of  the  percussion-table, — which  is  sup- 
posed to  have  sprung  up  in  Bohemia,  from  the  old  Saxon  testing- 
tray  (Sichertrog),  and  which  was  known  in  Hungary  in  1770,  was 
introduced  into  the  Hartz  Mountains  in  1772,  and  was  in  general  use  in 
Austrian  Hungary, — acts  disadvantageously  on  the  separation  which 
the  intermittent  forward,  rolling  motion  of  the  grains  is  said  to  produce. 
These  apparatus  are,  therefore,  from  the  theoretical  stand-point,  less 
advantageous  than  the  tables  working  by  centrifugal  force,  and  are 
only  to  be  considered  as  a  make-shift  till  the  requirements  of  theory 
are  satisfied  by  the  advance  of  technics  in  the  making  of  suitable  ma- 
chinery. The  above  conditions  cannot  be  fulfilled  upon  open,  station- 
ary tables,  because  the  velocity  of  the  water  cannot  be  properly 
regulated,  and  because,  to  avoid  too  great  velocity  of  water,  especially 
for  very  fine  material,  much  less  inclination  of  table  must  be  given 
than  is  suitable.  The  technics  of  dressing  show,  in  all  these  appa- 
ratus, a  highly-deficient  separation,  and  the  use  of  many  minor  pro- 
cesses which,  as  a  rule,  depend  on  the  skill  of  the  workman.  The  old 
German  slime-pits  and  round  buddies  require  the  addition  of  a  scraper 
(Kiste),  while  the  sweeping-table,  both  stationary  and  rotating,  conical 
and  dished,  needs  brooms  or  brushes. 

The  plane-tables,  which  do  extremely  little  work,  depend  on  the 
retarding  action  of  webbing  or  cloth,  which  wears  out  rapidly. 

The  English  round  buddle,  invented  in  Cornwall,  in  1842,  by 
Hughes,  or  Ball,  and  likewise  the  funnel-shaped  settling-tub,  by 
Hundt,  in  Siegen,  in  1857,  *^  comparison  with  the  German  slime-pits, 


*  In  the  English  Dolly-tub  the  centrifugal  force  is  united  with  the  loosening  effect  of 
heavy  vibration  in  a  deep  cylindrical  vessel ;  this  has  been  long  used  with  success  to  further 
concentrate  impure  ore  slich,  or  to  separate  blende  slich  from  galena  slich. 
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afford  only  the  advantage  of  working  up  a  greater  mass  at  the  ex- 
pense of  the  machinery. 

The  same  is  true  of  the  continually  ascending  and  descending 
sweeping-table,  whether  constructed  after  the  plan  of  the  low,  cone- 
shaped,  rotating  huddle,  invented  by  Schell,  in  the  Hartz  Mountains, 
^^  1853,  or  the  low  funnel-shaped  one  introduced  by  Neuerburg  soon 
after,  or  resting  on  the  principle  that  a  broad  endless  cloth  stretched  be- 
tween horizontal  rollers  to  an  inclined  movable  surface  is  used  for  the 
table  surface,  as  in  the  table  introduced,  in  1843,  into  Spain,  and  later 
into  Cornwall,  by  the  Englishman  Brunton,  with  which  the  experi- 
ments of  Hoffmann  were  made  in  a  competitive  trial  at  Banat,  in  1844. 
The  continuous  removal  of  the  "  heads"  on  percussion-tables  was 
attempted,  in  i860,  by  Hartwig,  at  the  Altenberg  Mine,  near  Aix-la- 
Chapelle,by  uniting  it  with  Brunton's  endless  cloth,  and  by  Rittinger, 
some  years  earlier,  by  means  of  a  side  thrust  to  the  table ;  still,  only 
Rittinger's  continuous  percussion-table,  essentially  altered  by  Palmer, 
in  Olahlaposbanga,  in  Hungary,  about  i860,  has  come  into  general 
use.  The  effect  of  centrifugal  force  in  a  rotating  horizontal  mo- 
tion has  been  used  from  the  earliest  times  down  to  the  present  day 
by  gold-washers  in  the  pan  ("  Washschiissel,  Baten,  Sebille'*).  After 
Schitko,  in  Schemnitz,  towards  the  end  of  the  twentieth  year  of 
this  century,  and  Von  Sparre,  in  1844,  had  recommended  the  use  of 
concave,  rotating,  centrifugal  buddies,  Osann,  in  1852,  in  the  Hartz 
Mountains,  and  Hutzelmann,  in  1855,  in  Przibram,  made  experiments 
therewith ;  but  the  former,  after  moderate  success,  was  interrupted  by 
conflagration,  while  the  latter  was  unsuccessful.  Experiments  with 
Von  Sparre's  centrifugal  huddle  were  made  at  Sangerhausen,  in  1858. 
The  huddle  used  had  a  funnel-shaped  surface,  inclined  less  than  45°, 
over  which  a  narrow  space  was  formed,  by  covering  over  with  a 
reversed  cone.*  This  covered  table  proved  impracticable.  Apart 
from  the  fact  that  the  operations  on  the  huddle  could  not  be  seen,  the 
water,  through  the  rapid  rotation  produced  by  the  great  inclination 
of  the  table,  came  directly  on  the  huddle  in  such  a  heavy  centrifugal 
stream  as  to  prevent  the  separation  of  the  grains.  Von  Sparre  has 
therefore  given  up  the  system  of  covered  centrifugal  buddies,  but  re- 
commends the  use  of  open,  concave,  centrifugal  buddies,  with  the  table 
inclination  and  rotating  velocity  so  calculated  that  the  surface  of  the 
huddle  may  remain  uncovered. 

Hundt  had  constructed,  in  1863,  a  centrifugal  huddle  furnished  with 

*  Compare  the  illustration  in  Von  Sparre's  contributions  to  the  Bergwerks  Freund,  and 
Giltschmann's  Die  Aufbereitung,  Table  IX.  Fig.  4. 
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a  screw-shaped  spiral  surface  wound  around  an  upright  rotating  spindle, 
on  which  the  centrifugal  force  should  act  in  a  contrary  direction  to 
the  stream  of  water  which  descended  in  the  spiral'Hne.  The  apparatus 
has,  however,  obtained  no  practical  importance.  The  shaking-table 
(Riittelheerd),  acting  on  Von  Sparre's  principle  of  vibratory,  rotating 
motion,  was  developed  about  ten  years  ago,  at  the  well-known  Hum- 
boldt machine-shop  (then  Sievers  &  Co.),  at  Kalk,  near  Deutz,  and  is 
said  to  have  given  good  results,  even  with  slight  differences  of  specific 
weight,  without  being  introduced  into  practice,  however.  The  same 
principle,  though  in  a  modified  form  of  table,  was  employed  by  Ball, 
in  1856,  at  the  Copper  Falls  Mine,  on  Lake  Superior,  without  satisfac- 
tory results,  for  washing  native  copper,  and  by  Boless,  at  Allenheads, 
Northumberland,  for  lead-ore  dressing,  instead  of  the  **  Dolly-tub." 
The  foregoing  principle  of  oscillatory,  centrifugal  motion,  together 
with  shocks,  used  in  the  oblong  trough-shaped  hand  testing-pan,  is 
represented  in  the  washing  at  the  Lake  Superior  copper  mines,  by 
small  continuous  percussion-tables,  emptying  at  both  ends ;  which  the 
intelligent  experts  there  are  busily  employed  in  perfecting.  As  the 
difficulties  of  the  wet  dressing  of  fine  ores,  till  this  time  unsatisfactorily 
solved,  increase  greatly  with  the  fineness  of  division,  the  principal 
task  of  the  art  of  ore-dressing  is  to  endeavor  to  produce  as  little  as 
possible  of  the  fine  meal  in  reduction,  and  that  where  finely  dissem- 
inated ore  must  be  made  fine,  still  the  greater  portion  shall  be  only 
so  far  reduced  as  to  be  separated  to  the  grain-size  of  sand,  on  jiggers, 
and  so  avoid  the  washing  process  on  tables.  In  fact,  the  condition 
cannot  be  fulfilled  with  many  ores  disseminated  with  microscopical 
fineness,  which  must  be  dead  stamped  (Todtgepocht),  and,  therefore, 
generally  prepared  only  with  great  loss. 

III.   KROM»S  PRINCIPLES  OF  PNEUMATIC  JIGGING.* 

The  idea  of  using  air  as  a  medium  for  the  separation  of  mineral 
grains,  rejected  in  Europe  as  fruitless,  was  again  taken  up,  in  an  en- 
tirely new  direction,  in  the  United  States,  by  Mr.  Stephen  R.  Krom, 
of  New  York,  in  1868,  and  has  since  been  systematically  developed 
in  exceedingly  ingenious  machines,  which  were  an  ornament  to  the 

*  The  author  had  an  opportunity  at  the  Centennial  Exhibition  of  observing  a  Krom 
machine  at  work ;  he  has,  besides,  based  the  following  description  on  the  oral  explanations 
of  Mr.  Krom,  and  on  his  beautifully  illustrated  publication  upon  his  system  of  ore-dressing 
(published  by  himself,  office  No.  206  Eldridge  Street,  New  York).  For  this  information 
he  here  expresses  his  gratitude.  An  extract  from  this  publication,  accompanied  by  work- 
ing plans  of  a  pneumatic  ore-dresser,  according  to  Krom's  system,  was  published  in  the 
Engineering  and  Mining  Journal  of  1876,  vol.  xxii,  page  284. 
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Centennial  Exhibition.  This  new  treatment,  only  within  a  few  years 
successfully  introduced  into  some  ore-dressing  establishments,  is  yet 
too  little  known  in  its  economical  results  to  give  a  final  judgment 
upon  its  possible  advantages  over  ore-dressing  in  the  wet-way ;  but  it 
can  even  now  be  designated  as  a  surprising  advance  in  the  art  of  ore- 
dressing  that  the  spirit  of  invention,  even  in  this  department,  has  so 
decidedly  succeeded  in  producing  unheard-of  mechanical  effects,  in 
contradiction  to  prevailing  theoretical  opinions,  that  the  correctness  of 
the  facts  cannot  be  disputed. 

The  earlier  experiments  of  air-separation  were  confined  to  velocity 
of  a  continuous  stream  of  air  produced  by  a  ventilator  in  a  high, 
horizontal,  and  narrow  conductor  (two  to  three  metres  square),  through 
which  the  dried  mineral  grains  introduced  from  above  were  separated 
in  a  manner  entirely  similar  to  that  of  the  horizontal  stream  of  water 
working  in  the  settling-pit,  according  to  the  principle  of  free-fall. 
But  Krom  starts  with  the  fundamental  idea  of  compressing  the  air 
by  means  of  a  kind  of  piston,  with  quick,  successive  strokes,  and, 
thus  compressed,  to  let  it  work  with  great  rapidity  through  a  low 
stratum  of  mineral  grains  previously  sorted  according  to  size  (sized), 
which  rests  on  fine  sieves  inclosed  laterally  in  a  narrow  space. 
Krom's  pneumatic  jig,  or  dry  concentrator,  is  similar  to  the  contin- 
uous hydraulic  jig  in  outward  appearance,  and  must  be  designated  as 
an  intermittent-working  air-stream  apparatus,  in  which,  therefore,  the 
dynamic  effect  of  the  living  force  produced  by  an  upward  jerk  through 
the  dense  medium  has  a  more  energetic  effect  than  by  free-fall.  In 
the  employment  of  air  in  puffs  as  a  medium  its  inferior  density  is  a 
decided  advantage.  With  water  the  vis  inertia  of  the  mass  of  the 
medium  to  be  moved  prevents  driving  a  jigger  at  more  than  60  or 
120  strokes  per  minute,  varying  according  to  the  height  of  stroke. 
Troublesome  setting-back  of  the  water  takes  place,  which  acts  detri- 
mentally to  the  separation  on  the  sieve,  to  avoid  which  either  the 
stroke  and  velocity  must  be  diminished  or  a  complicated  arrange- 
ment be  made  use  of.  On  the  contrary,  the  air  escapes  at  each  stroke 
without  set-back,  and  it  is  therefore  possible  to  drive  the  pneumatic 
jigger  at  420  to  500  strokes  per  minute, — consequently,  very  much 
more  rapidly  than  the  hydraulic  one.  Air  is  a  medium  to  be  obtained 
everywhere,  while  the  procuring  of  the  necessary  water-supply  is 
attended  with  difficulty,  as  a  rule,  and  in  many  places  is  impossible. 
While  the  grains  to  be  separated  have  to  pass  over  a  distance  of  about 
I  or  2  metres  on  the  continuous  hydraulic  jigger,  they  have  to  pass 
over  only  13  centimetres  of  sieve-length  on  Krom's  machine.  This 
apparatus  can,  therefore,  for  the  sake  of  concentrated  efficiency,  be 
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more  extended  laterally  without  assuming  troublesome  proportions. 
As  the  adhesive  effect  of  air,  compared  with  water,  is  extremely  small, 
it  is  evident  that  sands  can  be  treated  pneumatically  which  are  very 
much  finer  than  the  finest  treated  on  the  hydraulic  jigger.  The  dry 
sand  forms  a  loose  mass  easily  penetrated  by  the  compressed  air, 
while  on  the  hydraulic  jigger  it  is  raised  all  together  in  a  closely- 
adhering  mass  by  the  water-thrust,  and,  even  in  falling,  hinders  its 
own  separation  through  mutual  adhesion.  While  sands  from  0.5  mil- 
limetre to  I  millimetre  thick  can  scarcely  be  prepared  on  the  hydraulic 
jigger,  it  is  said  that  grains  o.oi  millimetre  thick  can  be  separated 
pneumatically.  In  order  to  exclude  the  finer  dust-particles,  the  mass 
to  be  separated  is  previously  cleaned  by  blowing  in  a  moderate  cur- 
rent of  air.  Mr.  Krom  reports,  in  his  publications,  the  striking  results 
of  comparative  experiments  which  he  made  in  two  glass  tubes,  2.44 
metres  long  and  5  centimetres  wide,  each  provided  with  a  stop-cock 
underneath.  He  filled  one  with  water  and  the  other  with  a  regulated 
stream  of  pressed  air  let  in  from  below.  In  the  next  place  he  learned, 
by  experiments  with  the  glass  tube  filled  with  water,  that  a  galena 
ball  3.2  millimetres  in  diameter  and  a  quartz  ball  12.7  millimetres  in 
diameter  fell  through  the  column  of  water  in  the  same  time.* 

Now,  if  the  blast-valve  in  the  air-tube  is  so  regulated  that  the 
galena  grain  falls  to  the  bottom  just  as  rapidly  as  it  did  previously  in 
the  water-tube,  then  can  the  quartz  grain  not  be  made  to  sink  in  this 
stream  of  air,  but  will  be  held  in  suspension  by  the  stream  in  the 
upper  end  of  the  tube.  Krom  further  found,  by  experiments  with 
steel-wire  tacks  of  2  millimetres  thickness  of  wire  and  8  millimetres 
diameter  of  head,  that  a  tack  (a)  18  millimetres  long,  which  was 
dropped  into  the  water-tube  at  the  same  time  as  a  shorter  tack  [b),  15 
millimetres  long,  was  in  advance  (only  about  25  centimetres)  on  reach- 
ing the  lower  end  of  the  tube,  but  that  these  tacks  showed  an  entirely 
different  ratio  in  the  stream  of  air.  If,  for  instance,  the  stream  of  air 
was  so  regulated  that  the  tack  {a)  sank  with  the  same  rapidity  in  it  as 

*  In  our  Table  II.,  according  to  Von  Sparre,  in  water  at  rest,  the  theoretical  maximum 
velocity,  when  the  ratio  of  the  diameter  is  the  same, — viz.,  i :  4, — is,  for  a  galena  ball  (grain- 
size  6)  3.08  millimetres  thick,  661  millimetres,  and  for  a  quartz  ball  1 2.31  millimetres  thick 
(grain^size  2)  656  millimetres.  As  in  Table  V.,  these  maximum  velocities  were  reached 
in  the  tube  within  the  Hrst  ^^  of  a  second  of  the  whole  falling-time  (3.7  seconds),  which 
was  more  than  twelve  times  as  long,  then  the  same  values  hold  good  for  the  medium 
velocities. 

In  Krom's  experiments  we  find  the  fullest  agreement  with  Von  Sparre's  formulae  and 
tables.    Accurately  calculated,  the  ratio  of  the  diameters  of  equal*falling  balls  of  galena 

t^,^     ^       'A— >       2.6 — I       1.6       I 
and  quartz  would  be  -^  =  ;t = 


D^      d —i      7.5—1       6.5      4.06* 
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an  exactly  similar  steel  tack  did  in  the  water-tube  at  the  same  time, 
then  would  the  shorter  tack  {b)  be  held  in  suspension  by  the  stream 
of  air,  and  could  not  be  made  to  sink  in  it.  Mineral  grains  which  fall 
equally  in  still  water  or  float  together  in  an  ascending  stream  of  water, 
and  which,  consequently,  can  be  no  further  separated  in  water  by 
means  of  settling  and  slime  apparatus,  can,  accordingly,  be  still  sepa- 
rated in  an  ascending  stream  of  air. 

For  the  same  reason,  in  order  to  separate  different- sized  grains  of 
different  specific  weights  successfully,  according  to  their  gravities,  in 
an  ascending  stream  of  air,  only  a  small  number  of  sorting  sieves  is 
necessary  for  dividing  into  few  grain-sorts,  while  the  sifting  in  the 
hydraulic  jigging  process  must  give  a  much  greater  number  of  care- 
fully-graded grain-sizes,  and  consequently  need  a  greater  number  of 
sorting  sieves.  Mr.  Krom,  therefore,  in  his  ore-dressing  establish- 
ment, sorts  the  comminuted  material  into  only  four  kinds,  which  are 
subjected  to  special  treatment  on  pneumatic  machines  arranged  for 
the  purpose.*  The  dust  blown  and  exhausted  therefrom  is  guided 
into  a  special  chamber,  and  there  collected,  and  is  not  subjected  to 
further  concentration,  because  it  forms  only  a  comparatively  small 
portion,  one-sixth  to  one-twelfth  of  the  prepared  material,  and,  as  a 
rule,  attains  twice  the  percentage  in  precious  and  base  metals,  in  com- 
parison with  that  of  the  stuff  to  be  dressed ;  so  that  the  dust  is  most 
advantageously  brought  without  delay  to  the  smelters.  In  the  pneu- 
matic concentrator  the  sized  stuff  can  only  be  separated  into  two 
grades.  The  work  is  so  directed,  to  avoid  loss,  that,  in  the  first  oper- 
ation, merely  dead  refuse  (berge)  is  got  rid  of.  The  remaining  con- 
centrated portion  is  jigged  for  the  second  time,  and  then  gives  pure  ore 
and  a  middling  product,  which  is  again  jigged,  and,  if  necessary,  once 
more  reduced  in  size,  and  separated  into  the  kinds  of  ore  desired.f 

♦  The  ore-bed  ( Erzbett)  of  these  machines  consists  of  a  kind  of  grate  with  short  square- 
shaped,  hollow,  grate-bars,  which  are  formed  of  fine  brass  wire  gauze,  and  leave  intervals 
of  ^  to  \  inch,  according  to  the  size  of  grain  to  be  separated. 

f  Mr.  Krom,  in  another  place,  publishes  from  the  reports  of  the  superintendent,  T.  G. 
Negus,  the  results  of  working  up  several  lots  of  ore  in  the  Dry  Concentration  Mill,  at  Star 
Cafion,  Nevada.  These  ores,  consisting  of  antimonial  silver  and  silver  glance, — black 
sulphurets  of  silver,— are  uncommonly  difficult  to  prepare  in  the  wet-way.  According  to 
this  report : 

I.  66,800  pounds  from  the  De  Solo  Mine,  with  assayed  value  of  $72.24  per  ton,  in  silver, 
or  3.612  cents  per  pound,  gave  a  total  value  of  1^2413. 

a.  In  concentrated  ore  of  3  sorts : 

2,620  pounds,  with  total  value  in  silver  of  ;$I320,  or  50.38  cents  per  pound. 

b.  In  chamber-dust: 

11,998  pounds,  with  total  value  in  silver  of      829,  or  06.90  cents  per  pound. 

Together  14,618  pounds,  with  total  value  in  silver  of  1^2149,  or  57.28  cents  per  pound 
of  the  original  quantity  of  silver. 
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The  greatest  difficulty  of  the  treatment  seems  to  lie  in  removing 
the  ore-dust,  which  penetrates  into  the  work-room,  and  is  detrimental 
to  health.  Mr.  Krom,  for  overcoming  this  difficulty,  uses  the  well- 
known  arrangements  so  successfully  employed  in  glass-  and  stone- 
cutting  factories  for  drawing  off  the  dust.  It  might  be  expected  that, 
by  this  means,  the  dust  could  be  kept  from  the  work-room  with  some 
care.  The  arrangement  of  a  Krom  ore-dressing  establishment,  ac- 
cording to  the  building  plans  published  by  the  inventor,  consists  of 
stories  built  over  one  another  in  the  form  of  a  tower,  arranged  to 
effect  the  greatest  possible  saving  of  transportation  and  manual  labor. 
First  of  all,  in  the  middle  story,  the  material  to  be  dressed  is  reduced 
to  nut-size  in  a  crusher,  and  then  dried  on  a  very  steep  step-grate, 
through  which  the  gases  of  combustion  pass  to  a  iire-place  lying  un- 
derneath. The  dried  mass  is  then  carried  automatically,  on  an  end- 
less belt,  to  crushing  rollers,  and  then,  after  sifting  out  the  finely- 
ground  parts,  descends  to  a  fine  rolling-mill.  The  material  ground 
fine  enough  is  led  into  a  lower  hopper,  over  which  there  is  a  shaft- 
like, high,  tightly-inclosed,  forwarding  tower,  and  in  this  is  raised  by 
an  elevator.  Near  the  forwarding  tower  are  four  drum-sieves,  one 
under  the  other,  inclosed  in  cases,  and  so  arranged  that  the  stuff 
sorted  in  the  top  drum  is  re-sorted  in  the  lower  drums,  and  in  the 
middle  story  is  received  in  four  separate  bins.  There  is  a  powerful 
ventilator  near  the  tower,  which  exhausts  the  dust  from  the  tower, 
and  blows  it  through  a  long  conductor  to  the  dust-chamber.  The 
dust  forming  in  the  crushing  rollers  is  exhausted  directly  from  be- 
neath the  rollers,  through  narrow  conductors,  which  are  connected 
with  the  tower.  The  drum-cases  have  equal-sized  openings  under- 
neath, to  admit  air,  and  a  side  opening  connecting  with  the  tower, 
through  which  the  stream  of  air  drawn  through  the  drum  is  likewise 
led  to  the  tower.  In  this  manner  all  the  dust  formed  in  the  commi- 
nuting and  sorting  apparatus  reaches  the  ventilator  in  the  most  direct 

2.  38,150  pounds  of  ore  from  the  Sheba  Mine,  with  assayed  value  of  ^56.72  per  ton,  or 
2.836  cents  per  pound  (a  total  value  of  ;$io82),  gave  in 

a.  Concentrated  ore,  in  3  lots : 

2813  pounds,  with  total  value  in  silver  of  I789,  or  28.04  cents  per  pound. 

b.  In  chamber-dust : 

2881  pounds,  with  total  value  in  silver  of    139,  or    4.82  cents  per  pound. 

Together  5694  pounds,  with  total  value  in  silver  of  $928,  or  32.86  cents  per  pound  of 
the  original  silver. 

The  loss  of  ore  or  silver,  therefore,  amounted  to  nearly  ii  per  cent,  in  the  richer  lot,  I ; 
to  about  14  ]>er  cent,  in  the  poorer  lot,  2;  or,  in  the  first  case  more  than  one-half,  in  the 
second  nearly  three-fourths,  of  the  original  quantity  of  silver  was  obtained  in  highly-con> 
centrated  ore. 
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way,  and  afterwards  is  deposited  by  it  in  the  dust-chamber.  Under 
the  four  bins  mentioned,  for  the  four  sorts  of  grains,  are  the  pneumatic 
jiggers,  in  two  stories,  one  under  the  other,  and,  in  fact,  in  the  upper 
story  there  are  four  pairs  of  jiggers,  to  which  each  one  of  the  four 
kinds  is  conducted  directly  from  the  bins  above,  for  working  up.  In 
the  lower  story  are  two  more  pairs  of  jiggers,  for  refining  the  material 
concentrated  in  the  upper  jiggers.  The  resulting  refuse,  containing 
ore,  which  arises  therefrom,  is  once  more  jigged,  and  the  impure  mid- 
dlings thereby  obtained,  mixed  with  country  rock,  are  carried  to  the 
fine  mill  for  further  comminution.  Such  an  ore-dressing  establish- 
ment, provided  with  twelve  jiggers,  is  said  to  work  up  from  two  to 
three  tons  of  ore-stuff  per  hour,  and  to  need  six  workmen  by  day  and 
three  by  night,  where  steam  is  used,  or  five  by  day  and  two  by  night 
where  water  is  employed.  A  separator  is  said  to  need  J^  horse- 
power, on  an  average,  and  costs  in  New  York  ^600  to  ^700  (2250  to 
2812  marks).* 

The  cost  of  dressing  with  steam  is  said  to  be  two  dollars  (7^  marks) 
per  ton  of  raw  ore,  but  with  water-power  only  half  that  amount,  wages 
and  repairs  included.  Evidently  these  statements  can  be  considered 
only  of  approximate  worth,  and  vary  with  the  richness,  hardness,  and 
other  qualities  of  the  ores.  Krom's  treatment  has  not  yet  been  ap- 
plied to  coal-dressing,  but,  perhaps,  even  with  it,  may  be  of  use ;  for 
it  is,  precisely,  the  finest  particles,  a  valuable  material,  which,  from 
their  being  drained  off  by  the  water,  cause  the  greatest  difficulties  in 
wet  dressing,  that  are  saved  in  a  dry  condition  by  means  of  the  ven- 
tilator in  the  pneumatic  process.  Of  course,  effectual  regulations  for 
safety  against  fire  must  be  made  everywhere.  With  still  greater  cer- 
tainty it  may  be  assumed  that  the  cleaning  of  ground  rock-salt  from 
anhydrite  can  be  effected  cheaply,  and  with  the  best  success,  in  this 
simple  way ;  because  the  anhydrite  in  it  ordinarily  occurs  in  hard, 
compact  grains,  which  can  be  expelled  directly  from  the  mill  in  one 
operation  without  the  least  necessity  of  manual  labor.f 

*  Mr.  Krom  also  furnishes  small  pneumatic  model  machines  adapted  to  laboratory  pur- 
poses at  the  price  of  $250 ;  and  also  small  crushers  of  peculiar  construction  adapted  to  the 
same  and  weighing  about  1000  pounds  at  $450. 

f  It  is  said  that  the  process  has  already  been  made  use  of  with  success  in  cleaning  coffee 


GENERAL  REPORT  OF  THE   JUDGES  OF  GROUP  /.  237 

IV.    COMMINUTING    MACHINES. 

I.  Crushers  or  Stone-Breakers. — ^The  breaking  up  of  the  heavy 
ore-gangue  (Waude),  obtained  from  the  mine,  has  been  effected, 
almost  exclusively,  by  means  of  hand-labor,  until  within  a  compara- 
tively short  time,  just  as  the  breaking  of  stone  for  road  ballast  is  still 
done  chiefly  by  hand-hammers.  Very  recently,  at  the  Quincy  Mine, 
on  Lake  Superior,  heavy  drop-hammers  have  been  used  for  breaking 
up  coarse  gangue  containing  ore,  which  are  managed  after  the  man- 
ner of  the  machines  in  use  for  breaking  up  large  ore  masses.  They 
are  especially  serviceable  for  coarse  pieces  of  native  copper,  which 
cannot  be  broken  in  the  crushers,  in  separating  the  copper  from  the 
gangue  united  with  it,  and  in  hammering  clean  the  lumps  of  copper. 
When  it  is  considered  that  hammers  of  any  kind  are  expensive  to  set 
up,  because  of  the  foundations  necessary,  are  difficult  to  use,  and  are 
of  little  efficiency,  and  that  they,  therefore,  have  been  used  to  only  a 
limited  extent,  dependent  on  local  circumstances ;  then,  the  invention 
of  the  stone-crusher  by  Eli  Whitney  Blake,  of  New  Haven,  Con- 
necticut, in  the  year  1858,  seems  an  extremely  important  advance. 
According  to  the  statements  of  the  Blake  Crusher  Company,  there 
were  at  work  in  the  United  States  alone,  at  the  time  of  the  Centennial 
Exhibition,  509  such  machines  of  various  sizes.  They  are  spread  in 
every  direction,  and  are  frequently  used  for  building  purposes.  The 
strongest  machines  are  found  at  the  Calumet  and  Heckla  Copper 
Mine,  on  Lake  Superior,  where  blocks  of  ore  weighing  looo  pounds 
are  broken  by  them.  The  No.  5  machine  shown  at  the  Exhibition, 
with  a  jaw-opening  of  from  9  to  15  inches,  is  said  to  break  hourly 
about  9  tons  of  stone  or  ore  into  pieces  I J^  inches  in  diameter,  with 
a  motive  force  of  9  horse^power,  at  250  strokes  per  minute. 

Figure  4,  on  page  238,  shows  the  recent,  essentially  complete  con- 
struction of  the  machine.*  The  mouth,  opening  upward,  is  provided 
with  a  movable  jaw,  to  which  a  rapid  biting  movement,  reaching  as 
high  as  250  strokes  per  minute,  is  given,  by  means  of  a  heavy  eccen- 
tric lever  and  toggle-joints,  driven  by  shaft  and  pulley,  with  a  balance- 
wheel.  The  return  of  the  movable  jaw  is  caused  by  means  of  an 
india-rubber  spring  at  the  end  of  an  iron  rod.  For  setting  up  the 
jaws  a  double  wedge  is  used,  resting  against  the  frame  and  serving 
as  fulcrum  to  the  toggle-block.  The  two  toggles  consist  of  cast-iron 
plates  of  a  strength  that  will  allow  them  to  break,  when  the  fragments 
of  mineral  offer  too  great  resistance.     The  heavy  cast-iron  frame, 

• 

*  Special  Report  of  the  Engineering  and  Mining  Journal,  1 876,  vol.  xxii.  p.  311. 
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consisting  of  only  one  piece,  gives  support  to  the  fixed  jaw  and  to 
one  toggle,  and  also  serves  as  a  bearing  for  the  pivot  of  the  movable 
jaw  and  of  the  eccentric  pitman.  The  jaws  are  lined  with  chilled 
iron,  either  ribbed  or  corrugated.  These  face-plates  can  be  turned 
upside  down  when  rendered  necessary  by  the  wearing  away  of  the 
top,  which  occurs  first  and  quite  rapidly  with  very  hard  material.* 

Fro.  4. 


BLAKE'S   CRUSHER. 

The  face-plates  have,  therefore,  lately  been  so  arranged  that  they  can 
be  divided  in  the  centre,  so  that  the  lower  part,  when  worn  away,  can 
be  exchanged  with  the  upper  part,  which  has  been  less  exposed  to 
wear.  The  cheap  preparation  of  cast  steel,  by  Bessenier's  or  Siemen- 
Martin's  methods,  or  by  the  late  treatment  at  the  Terre  Noire  Steel- 
Works,  in  France,  is  extremely  useful  for  this  purpose. 

Numerous  breaking- machines,  varying  more  or  less  in  construe* 
tion,  have  been  used  in  Europe ;  in  France,  those  of  Huet  and  Geyler ; 
in  Germany,  those  of  Schwarzkopff, — without,  however,  producing 
any  essential  improvement  on  Blake's  machine. 

*  In  cKperiments  at  the  Schirley  Mine,  in  Upper  Silesia,  the  fRce-pIites  luted  scaTcel3r 
a  day,  while  breaking  tempered,  bigh-furnace  slags;  but  endured  ■  year  in  breaking 
limeflone.     Gltuchmann's  Aufbtrritung,  vol.  ii.  p.  674. 


GENERAL    REPORT  OF  THE   JUDCES  OF  GROUP  I.         239 

A  crusher  has  been  used  lately  in  England,  under  the  name  of 
H.  R.  Marsden's  Patent  Blake  Stone-Breaker,  whose  construction  is 
shown  in  the  adjoining  Figure  5,  and  is  made  at  the  Soho  Foundry, 


H.  R.  MARSDEN'S  PATENT  BLAKE  STONE- BREAKER. 

of  Leeds.  Instead  of  the  rubber  spring  for  drawing  back  the  jaw,  it 
is  provided  with  an  adjustable,  angular  lever,  between  the  lower  end 
of  the  pitman  and  the  movable  jaw.     The  face-plate  of  the  latter  is, 
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besides,  composed  of  two  portions,  which  are  fastened  to  the  jaw  by 
means  of  screw-bolts  through  a  wedge-shaped  piece  inserted  between 
their  adjacent  beveled  ends.  The  changing  of  the  face-plates  is  said 
to  be  facilitated  thereby,  and  the  wear  lessened  in  such  machines.* 

2.  Crushing  Rollers,  a.  Ore  Rollers, — The  crushing  rollers  first 
used  in  Cornwall,  in  the  beginning  of  the  nineteenth  century,  are  of 
still  greater  importance  in  ore-dressing;  because,  with  them,  gangue 
(of  about  the  size  of  the  fist)  can  be  reduced  sufficiently  to  separate 
the  dead-rock  from  the  ore  mixed  with  it.  The  horizontal,  adjacent 
pair  of  rollers  were  originally  provided  with  ribs  or  ridges,  in  order 
to  seize  coarse  pieces  of  ore  more  easily.  Such  comparatively  long 
and  thin  rollers  were  in  use  more  than  twenty-five  years  ago  in  the 
Hartz  Mountains,  introduced  there  in  1831. 

In  Cornwall,  in  1830,  smooth  rollers  of  large  diameter  and  short 
length  were  found  serviceablef  for  crushing  coarse  stuff.  Such 
rollers  were  first  introduced  from  there  into  the  Rhenish  ore  mines 
in  the  year  1850. 

At  present  smooth  rollers  are  in  common  use  for  dressing  ores. 
The  middle  products  from  the  jigging  process,  in  which,  for  instance, 
galena  is  intermixed  with  blende  or  gangue,  and  which,  as  a  rule,  are 
not  more  than  two  centimetres  in  diameter,  are  ground  in  rolling- 
mills  with  less  diameter  of  rollers. 

In  the  coarse  rolls,  which  work  with  the  very  heavy  pressure  of 
from  20  to  25  tons  counterweights,  it  is  advisable  not  to  exceed  a 
velocity  of  the  circumference  of  over  20  to  25  metres,  because,  other- 
wise, fractures  easily  occur,  on  account  of  the  resistance  of  the 
counterweight.  In  the  Rhenish  ore-dressing  establishments,  where 
rubber  or  steel  springs  are  used  for  pressing  the  rollers  together,  60 
and  even  90  metres  velocity  of  circumference  is  allowed,  without, 
however,  increasing  the  working  capacity,  with  the  consequently 
reduced  pressure  of  rollers,  as  compared  with  slower  work  and  a 
heavier  pressure.  The  more  or  less  soft  nature  of  the  ore  must,  in 
each  case,  decide  which  treatment  it  is  advisable  to  use.  The  use 
of  springs  has  lately  been  preferred,  in  order  that  the  softer  ores  may 
not  be  crushed  too  fine  and  loss  be  thereby  created. 


*  Mining  yournal^  1877,  Supplement,  p.  190. 

t  Karsten  described,  in  183 1,  in  his  System  0/  Metallurgy ^  vol.  ii.  p.  106,  not  only 
several  crushing  rolling-mills  with  thin,  ribbed  rollers,  at  the  lead  mines  in  Flintshire,  but 
also  a  dressing  establishment  at  the  copper  mine,  Towcy  Consols,  in  Cornwall,  in  which 
the  pair  of  rollers  were  pressed  together  by  weights,  which  act  by  means  of  levers  on  the 
movable  bearings  of  one  of  the  rollers,  and  where,  at  that  very  time,  they  had  erected  a 
new  set  of  crush-rolls,  with  rollers  of  34  inches  in  diameter,  and  17  inches  in  length. 
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The  danger  of  fracture  is  essentially  lessened  by  transmitting  the 
driving-power  by  means  of  belts  or  friction  t-ollers.  In  such  contri- 
vances for  fine  rolls,  the  position  of  the  rollers  is  fixed  by  set-screws. 
The  two  axles,  on  which  the  annular  rollers  are  fastened,  are  pro- 
vided with  a  pair  of  toothed  wheels  working  into  each  other,  and 
such  a  length  must  be  given  to  the  teeth  that  they  will  not  be  thrown 
out  of  gear  when  the  rollers  separate.  Coarse  rolling-mills  have, 
therefore,  involute  gearing,  with  very  deeply-cut  teeth.  The  annular 
roller  is  worn  away  rapidly  by  hard  material,  and  is,  therefore,  gener- 
ally made  of  either  chilled  iron  or  cast-steel.  It  is  essential  to  be 
able  to  turn  down  the  rollers  from  time  to  time,  because  they  wear 
very  unevenly. 

Mr.  Krom,  the  inventor  of  the  pneumatic  jigger,  has  added  an 
extremely  complete  contrivance  (patented  in  the  United  States  in  the 
year  1872)  to  the  crusher  which  he  used  in  his  ore-dressing  system, 
by  which  he  brings  the  power  upon  and  between  the  rollers,  and  at 
the  same  time  turns  them.*  The  fastening  of  the  steel  roller-rings 
on  the  shaft,  by  means  of  wedge-shaped  press-ring  pieces,  drawn  up 
by  screws,  after  the  manner  of  William  Sellers'  shaft  coupling,  is 
especially  deserving  of  attention.  This  contrivance  is  shown  in  Figure 
6.  A,  B,  C,  D,  on  pages  242-244.  The  shafts  are  very  strong, 
made  of  steel,  with  a  thickness  of  196  millimetres  (75^  inches)  in 
the  middle  and  160  millimetres  (6j^  inches)  at  the  journals.  Each 
roller  receives  its  motion  independently  of  the  other  by  means  of 
a  toothed  wheel,  102  centimetres  (40  inches)  in  diameter,  working 
in  a  pinion  of  33  centimetres  (13  inches)  in  diameter.  The  pinion 
of  the  movable  roller,  with  its  correspondingly  larger  toothed  wheel, 
lies  on  one  side  of  the  frame,  the  pinion  of  the  stationary  one  on  the 
other. 

The  first  is  on  a  special  shaft  driven  by  an  intermediate  wheel, 
which  is  so  arranged  that  it  can  be  lowered  a  little,  in  order  always  to 
give  the  toothed  wheel  a  proper  bite  on  the  material,  when  the  roller 
becomes  smaller  in  diameter  from  use.  In  the  rolling-mill  represented 
steel  springs  are  attached,  in  order  to  let  too  hard  pieces  pass  through 
without  breaking  the  machines.  As  a  rule,  however,  Mr.  Krom  uses, 
instead  of  springs,  cast-iron  plates,  as  bearings  for  the  ends  of  the 
press-bar  of  the  movable  journal.  These  plates,  the  so-called  break- 
ing pieces,  are  so  constructed  as  to  yield  at  once,  when  there  is  too 
great  obstruction  between  the  rollers,  and  can  then  be  replaced  by 


*  The  descriptions  and  drawings  are  taken  from  the  previously- mentioned  publications 
of  the  inventor. 

16 


INTERNATIONAL   EXHIBITION,   iSf6. 


GENERAL   REPORT  OF   THE   yUDGES   OF  GROUP  I.         243 


244  INTERNATIONAL   EXHIBITION,  1876. 

pieces  kept  on  hand.     The  slide-rest,  shown  in  Figure  6,  C,  D,  which 
can  be  fastened  to  the  upper  or  lower  end  of  the  roller-frame,  as  is  most 


KROM'S  STEEL  ROLLS  FOR  CRUSHING  ORE  (View  showing  Uthe  attachment 
for  turning  rolls). 

convenient,  is  used  for  turning  down  the  rollers  when  worn  unevenly, 
From  50  to  60  tons  of  rolling-stufT,  varying  as  the  gangue  mixed  with 
the  ore  is  silicious  or  limy,  can  be  worked  up  in  10  hours,  in  a  coarse 
rolling-mill,  constructed  on  the  English    model,  and   requiring   10 


KROM'S  STEEL  ROLLS  FOR  CRUSHING  ORE  (Sections  of  Fig.  5  C). 

horse-power  to  run  it.     From  j  to  20  tons  can  be  worked  up,  in  the 
same  time,  in  a  fine  rolling-mill,  with  from  2  to  4  horse-power. 

At  Schwarzmann's  friction  rolling-mill  for  fine  reduction,  at  Am- 
meberg,  in  Sweden,  a  rotating,  flat  disk,  driven  by  the  engine,  is  in- 
serted between  each  pair  of  rolls,  and  carries  them  with  it,  working 
in  a  similar  manner  to  a  collar-mill. 
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b,  Coal-Crtishers. — The  comminution  of  coal  takes  place  either 
for  the  purpose  of  breaking  up  the  coal  obtained  into  pieces  of  a 
suitable  size  for  the  market,  or  to  separate  the  coal  from  the  accom- 
panying foreign  ash-producing  portions, — slate,  iron  pyrites,  and 
earthy  coal, — and  then  to  Wash  it  clean.  In  both  cases,  the  endeavor 
is  to  so  arrange  the  rollers  that  they  act  on  the  pieces  of  coal  as  little 
as  possible  in  a  crushing  or  grinding  way,  but  more  in  a  splitting 
manner,  in  order  to  obtain  the  smallest  possible  amount  of  worthless 
coal-dust  in  the  first  case,  and,  in  the  second,  to  avoid  grinding  into 
fine  dust  the  soft  pieces  of  fuller's  clay  and  clay-slate,  which  cannot 
be  separated  from  the  fine  coal-dust  in  the  further  dressing.  Rollers 
for  breaking  up  anthracite  were  first  employed  in  Pennsylvania,  in  the 
year  1843,  according  to  Gatzschmann.  Afterwards,  to  the  rollers  in 
that  locality  were  added  diamond-shaped,  blunt,  tooth-like  projections 
working  toward  one  another,  while  the  body  of  the  rollers  themselves, 
made  of  cast-iron,  was  provided  with  indentations  arranged  in  right 
and  left  spirals  crossing  each  other. 

The  toothed  rollers,  on  the  one  hand,  produced  much  useless  coal- 
dust,  and  on  the  other,  it  was  found  necessary  to  throw  away  a  roller 
when  a  few  teeth  were  broken  out.  Lately,  cylindrical  rollers  have 
been  used  there,  with  cast-steel  teeth  inserted,  whose  peculiar  con- 
struction is  shown  in  Fig.  7,  A,  B,  C,  page  246.  Smooth  cylindrical 
holes  of  exactly  equal  diameter  are  bored  radially,  in  lozenge-shaped 
places  opposite  each  other,  in  the  casing  of  the  rollers,  and  into 
these  holes  the  steel  projections,  provided  with  cylindrical  shanks, 
turned  so  as  to  fit  accurately,  are  driven  firmly.  The  lancet-like 
projections  are  slightly  bent  in  the  direction  of  the  motion,  in  order 
to  seize  and  split  the  pieces  of  coal  with  more  certainty.*  If  a 
tooth  breaks  off,  the  shank,  still  remaining  in  the  cylinder,  is  driven 
through  the  hole,  and  a  new  tooth  is  inserted.  For  this  reason  the 
toothed  roller,  though  at  first  cost  somewhat  dearer  than  the  old  cast- 
iron  one,  is  much  cheaper  in  the  end.  Besides,  the  work  is  increased 
with  the  same  power,  and  the  loss  in  worthless  dust  is  diminished. 
The  machine  represented  likewise  shows  various  important  improve- 
ments for  the  safety  of  its  working,  in  regard  to  the  motion  and  bear- 
ings of  the  shifting  roller,  which  can  be  recommended  for  ore-crush- 
ing mills  also.     The  bronze  bearings,  for  instance,  are  provided,  above 


*  The  Centennial  Exhibition  contained  such  a  coal-breaking  machine,  shown  by  Coxe 
Bros.  &  Co.,  of  Drifton,  Luzeme  County,  Pennsylvania,  ^nd  constructed  and  finished  by 
D.  Clark  &  Co.,  of  Hazleton,  Pennsylvania,  for  the  drawing  of  which  I  am  indebted  to 
the  kindness  of  Mr.  Eckley  B.  Coxe. 
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and  below,  with  parallel  planed  surfaces,  so  that  they  can  be  shoved 
into  a  box-like  cavity  in  the  roller-frame.     The  middle  portion  of  the 


ROLLERS   FOR   BREAKING  ANTHRACITE  COAL. 

bearing  forms  an  upright  cylinder,  from  which  the  ends  of  the  bear- 
ings project  sidewise  like  annular  shoulders.  Elliptical  cast-iron 
rings  lie,  as  break-pieces,  between  the  bearings  and  the  set-screws ; 
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the  latter  are  adjusted  equally  by  means  of  a  motion  common  to  both. 
If  such  a  break-ring  gives  way,  the  roller,  with  its  bearing  set  free, 
can  recoil  without  obstruction,  while  the  other  bearing  turns  on  its 
cylindrical  part.  By  means  of  this  arrangement,  which  works  in  a 
similar  manner  to  the  ball-joint  journals,  as  smooth  a  revolution  as 
possible  of  the  axle  is  produced,  with  diminished  friction  and  wear, 
notwithstanding  the  heavy  vibrations  to  which  the  movable  roller  is 
exposed.  The  box-like  frame  pieces  are  each  provided  with  an  ac- 
curately-fitting cover,  which  prevents  the  lifting  and  sliding  of  the 
movable  bearing. 

In  Germany,  rollers  which  are  provided  with  sharp,  projecting  ribs, 
are  used  in  the  crushing-mills  of  coal-washing  establishments.  To 
prevent  the  interfering  of  these  ribs,  they  are  wound  around  the  cyl- 
indrical roller  in  steep  helices  laid  crosswise,  so  that  lozenge-shaped 
^  depressions  remain  between  the  ribs ;  but  even  for  such  coal-washing 
establishments,  the  improved  American  toothed-rollers  with  narrower 
roller-space  may  be  adapted.* 

3.  Mills. — Under  the  head  of  mills  are  mostly  understood  such 
comminuting  contrivances  as  produce  the  finest  meal  possible,  with- 
out regard  to  sparing  the  grains  obtained.  Together  with  the  mill 
used  in  amalgamation  of  gold  and  silver  ores,  we  must  here  consider 
especially  the  rock-salt,  gypsum,  and  other  mills.  While  we  pass 
over  the  amalgamation-mills  as  metallurgical  affairs,  we  merely  men- 
tion that  the  breaking  up  of  rock-salt  is  performed  in  three  successive 
operations  adapted  to  the  purpose.  The  first  operation  consists  of  a 
breaking  up  of  the  heavy  blocks  to  nut  size,  in  simplified  stone-break- 
ers ;  the  second  follows  in  the  so-called  coffee-  or  cone-mills ;  the  third, 
in  common  runner-mills,  with  millstones  quite  similar  to  those  of  a 
corn-mill.     The  cost  of  grinding  varies  from  two  to  three  marks  per 


*  Carr's  Disintegrator  has  also  been  used  in  Belgium,  for  breaking  up  coal.  In  the  ex- 
periments \i*hich  have  come  to  the  author's  knowledge,  this  machine  has  seemed  adapted 
to  soft,  earthy  substances,  like  chalk,  burnt  gypsum  or  lime,  mineral  manures,  etc.  With 
harder  substances,  such  as  rock-salt,  the  so-called  coffee-mill  proved  better  adapted  and 
more  efficient  We  cannot,  therefore,  reckon  the  disintegrator  among  the  apparatus  to  be 
considered  in  the  development  of  ore-dressing.  According  to  Pemolet  {Annales  des  Mines, 
1874,  7e  s4r.,  tome  vi.  p.  365)  Carr's  disintegrator,  of  which  very  good  drawings  are  there 
given,  has  been  in  use  in  coke  establishments,  at  Anzin,  since  1869,  for  mixing,  and  at  the 
same  time  reducing  to  finer  dust  rich  and  poor  small-coal,  without  preparing  this  dust  fur- 
ther. An  apparatus,  29  centimetres  wide,  with  the  greatest  diameter  of  the  disintegrator 
cylinder  120  centimetres,  and  driven  at  350  revolutions  per  minute,  worked  up  hourly  15 
tons  of  small-coal,  and  required  15  horse-power,  or  11 24  kilogram-metres,  for  working  up 
500  kilogrammes  of  fine  coal  per  minute,  while  for  the  same  work,  in  competitive  trials,  a 
crushing-machine  needed  only  5  horse-power. 
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ton  of  rock-salt,  according  to  the  degree  of  fineness  of  the  meal 
required. 

The  Dingey  mineral-mill,  represented  in  Figure  8,  adjoining,  lately 
came  into  use,  first  in  England,  then  in  the  Spanish,  German,  and 
other   ore-dressing  establishments,  for  reducing  finely- disseminated 


DINGEY   MINERAL  MILL. 

ore-stufiT  to  a  further  degree  than  can  be  done  by  fine  roHing-mills. 
This  machine  consists  of  a  horizontal,  slowly  rotating,  furrowed  plate, 
upon  which  four  disks,  likewise  furrowed,  revolve  rapidly  in  the  op- 
posite direction.  The  mineral  grains  are  torn  by  the  surfaces  of  the 
plates  and  disks,  made  of  hard  cast-iron  or  steel,  working  against  each 
other  under  water,  and  are  then  thrown  as  slime  through  a  sieve 
which  forms  the  edge  of  the  plate. 

This  machine  with  the  same  motive-power  and  half  the  supply  of 
water  is  said  to  do  double  the  work  of  a  stamp-mill,  and,  at  the  same 
time,  to  make  less  tough  slime,  to  reduce  better  for  the  jiggers,  to 
work  with  less  noise,  and  to  demand  less  repairing,  on  account  of  the 
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diminished  and  more  even  wearing  of  the  parts  rubbing  against  each 
other.* 

4.  Stamp-Mills. — A  hundred  years  ago,  besides  the  stamp-mills,  a 
hammer-stamp  was  used,  which  worked  in  a  similar  manner  in  many 
respects.  With  the  advance  of  technics,  the  simple  arrangement  of 
a  perpendicular  stamp,  which  was  raised  directly  by  a  cam-shaft,  has 
taken  the  place  of  the  complicated  piano  key-board  arrangement  of  a 
hammer  stamp-mill.  Even  dry  stamping-mills  are  no  longer  used 
for  dressing  ores,  except  in  chlorination  and  amalgamation  works. 
We  have,  therefore,  to  do  here  merely  with  wet  stamping-mills,  in 
which  the  cast-iron  or  steel  shoe  (Pocheisen)  of  the  stamp  works  upon 
a  cast-iron  bottom,  or  one  of  hard,  stamped  quartz,  placed  in  a  deep 
stamp-trough  filled  with  water,  generally  called  a  "  mortar,"  and  in 
such  a  manner  that  the  perpendicularly  guided  stamps,  placed  in  a 
frame  between  the  upright  posts  of  the  stamp-frame,  are  allowed  to 
rise  and  fall  alternately,  in  regular  order,  by  means  of  the  cams  dis- 
tributed upon  the  horizontal  stamp,  or  cam-shaft,  working  upon  a 
horizontally  projecting  arm, — the  tappet, — ^attached  to  each  stamp. 
Numerous  local  peculiarities  occurred,  in  the  beginning,  in  those  con- 
structed of  wood,  the  bottoms  and  shoes  excepted.  In  some  places 
five  stamps  were  used  in  one  set,  in  others  only  three.  In  the  first 
and  older  arrangement  the  bottom  was  inclined,  so  that  the  water 
entering  at  one  end  of  the  trough  carried  the  comminuted  mineral  off 
through  a  hole  made  at  the  other.  In  the  latter  method,  now  com- 
monly followed,  the  removal  of  the  stamp-stuff  is  effected  either  on 
one  or  both  sides  of  the  trough,  through  grated  sieves  or  a  horizontal 
slit. 

Fifty  years  ago  stamp-mills  were  driven  by  water-wheels  only.  At 
least  three  cams  for  each  stamp,  equally  distributed  around  the  cir- 
cumference, were  accordingly  set  into  the  slowly  revolving,  thick, 
wooden  shaft.  With  the  later  use  of  the  steam-engine,  first  adopted 
in  Cornwall,  and  soon  after  in  Spain,  and  the  still  later  use  of  turbine- 
wheels  for  driving  stamp-mills,  more  rapidly  revolving,  thin,  iron 
shafts  came  into  use,  and  it  was,  consequently,  found  necessary  to  use 
only  two,  and,  in  some  cases,  only  one  cam  for  each  stamp.     Mr.  Per- 


*  Report  on  Ore-Dressings  by  C.  Sacks  (Technical  Director  of  the  Humboldt  Stock 
Company,  at  Kalk,  near  Cologne,  where  such  mills,  improved  in  form,  are  used),  to  the 
journal  Berggeist,  April,  1877,  pp.  105,  109,  113,  114,  A  Dingey  mill  of  2.29  metres 
diameter  of  drum,  and  a  total  length  of  about  2.5  metres,  is  said  to  have  worked  up  per 
hour  about  800  kilogrammes  of  quartz  jigging- stuff,  with  207  revolutions  of  the  4  disks  and 
2.2  revolutions  of  the  plate  per  minute,  using  about  8  horse-power  and  a  mesh  of  0.5 
millimetres. 
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nolet,  in  the  year  1849,  made  a  report  on  similar  single-lift  iron  shafts, 
which  he  had  seen  in  Southern  Spain.*  As  the  stamps  were  raised 
perpendicularly  in  order  to  diminish  the  friction  of  their  guides,  and 
as,  therefore,  a  horizontal  surface  of  contact  was  given  to  the  under 
side  of  the  tappet,  the  desire  for  as  uniform  a  lift  of  the  stamp  as  pos- 
sible has  generally  led  to  the  construction  of  the  friction  surface  of  the 
cam  on  an  involute  from  the  circle  of  friction  itself.  The  lowest  po- 
sition of  the  tappet  surface  must,  therefore,  correspond  with  the  level 
of  the  a*is  of  the  cam-shaft,  and,  accordingly,  the  tappet  must  be  ad- 
justed  in  a  perpendicular  direction,  in  or  on  the  stem,  at  about  the 
height  to  which  the  iron  shoe  wears  by  use.  The  thinner  the  iron 
shaft  the  smaller  must  be  the  diameter  of  the  involute  circle,  and 
therefore  with  double,  and  still  more  with  single-lift  shafts,  so  much 
greater  must  be  the  length  of  surface  of  the  involuted  cam  that  rubs 
against  the  friction  surface  of  the  tappet,  in  order  to  arrive  at  the  re- 
quired height  of  lift.  It  is  further  necessary  to  let  the  tappets  also 
project  a  correspondingly  greater  distance,  at  right  angles  to  the  stem, 
in  order  that  the  cam  may  pass  by  the  stem  without  striking  it,  or 
the  stem  must  be  slit  up,  so  that  the  friction  surface  of  the  tappet 
shall  lie  in  the  stem,  and  the  cam  move  freely  through  the  stem  to 
this  friction  surface.  Certain  disadvantages  are  connected  with  both 
methods,  and  therefore  the  sliding  friction,  which,  according  to  simple 
mechanical  principles,  is  proportional  to  the  distance  passed  over  by 
the  cam  on  the  friction  surface  of  the  tappet,  and  therefore  increases 
exactly  in  proportion  to  the  length  of  the  involute,  requires  especial 
attention. 

In  the  year  1856  the  author  had  to  construct  stamp-mills,  to  be 
driven  by  rapid  turbine-wheels,  for  several  ore-dressing  establishments 
of  the  Schwatz  Mining  Union,  at  Schwatz,  in  the  Unterinnthal  circle, 
in  Tyrol.  In  order  to  simplify  the  transfer  of  the  motion  single- 
lift  shafts  were  used.  A  peculiar  construction,  differing  essentially 
from  the  customary  plan,  and  which  has  proved  perfectly  satisfactory, 
had  to  be  used  to  avoid  the  above-mentioned  difficulties,  and,  for  this 
reason,  it  deserves  discussion  here ;  particularly  as  the  methods  of 
constructing  the  cams  are  given  in  a  more  practical  way  (as  shown  in 
Figure  9,  A,  B,  C,  D)  than  in  the  published  text-books,  which  give 
only  the  pure  involute  construction,  which  often  cannot  be  recom- 
mended. In  order  to  diminish  as  much  as  possible  the  shock  of 
the  cam  against  the  tappet,  it  was  assumed  that,  with  80  revolu- 
tions of  the  shaft  per  minute,  or  one  revolution  in  0.75  seconds, 


*  Annales  des  Minei^  1849,  4e  sir.,  tome  xvi. 
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and  with  a  rise,  A  =  261  millimetres,  the  lift  would  take  place  with  a 
velocity  of  only  0.624  metre  per  second.  But  the  tappet  in  falling, 
from  an  occasional  breaking  off  of  the  stem  or  shoes,  could  not 
reach  the  cam-shaft.  From  this  resulted  a  periphery  of  the  involute 
circle  of  0.75  X  0.624  =  0.468  metre,  corresponding  to  ^  =  75  milli- 
metres radius,  and  the  greatest  radius  of  the  cam  R  =  i/V  +  A*  =  272 
millimetres.  By  using  the  pure  involute  of  the  original  circle,  of  75 
millimetres  radius,  a  revolving  angle  of  201®  would  be  necessary  for 
the  shaft,  if  the  involute  were  developed  to  the  distance  of  the 
greatest  radius,  R,  from  the  middle  point  of  the  shaft,  and  the  length 
of  the  friction  surface  would  be  460  millimetres.  A  falling-time  of 
0.23  second  would  be  necessary  for  the  free  fall  of  the  stem,  A  =  261 
millimetres.  From  the  beginning  of  the  fall  till  the  beginning  of  the 
next  lift  there  was  an  interval  of  (360 — 201)  -h  360  =  0.442  of  a  revo- 
tion,  or  0.33  second  to  account  for;  therefore  there  remained  still 
for  the  stem  a  pause  of  0.33  —  0.23  =  0.1  second  between  its  fiill  and 
lift. 

For  practical  reasons  it  appeared  desirable  to  prolong  this  pause. 
The  stem,  which  after  the  fall  still  vibrates,  should  come  to  a  rest 
during  the  interval.  Further,  the  length  of  the  cam  should  be  dimin- 
ished, and,  finally,  the  friction  between  the  cam  and  the  tappet  be  re- 
duced, partly  through  a  suitable  shortening  of  the  friction  distance, 
partly  through  dynamic  lessening  of  the  friction-pressure.  For  this 
purpose,  as  is  clearly  shown  in  Figure  9,  A,  only  a  small  portion  of 
the  friction  surface  of  the  cam  was  constructed  according  to  the 
involute,  sufficient  to  raise  the  tappet,  with  the  slight  initial  velocity 
of  0.624  metre  per  second,  to  a  height  of  104  millimetres,  or  suf- 
ficiently high  to  prevent  injury  to  the  tappet  by  reason  of  the  differ- 
ence of  its  height  during  the  lifts,  caused  by  the  unequal  heaping  up 
of  the  stamp-stuff  and  the  wearing  aWay  of  the  shoe  and  die.  The 
remaining  curve  of  the  cam  was  formed  by  two  arbitrary  circular  arcs 
of  288  millimetres  and  32  millimetres  radius.  By  this  means  the 
stem,  after  leaving  the  involute,  received  an  increased  velocity  of 
lift  of  0.624  metre,  then  of  0.86  metre,  and  finally  of  1.25  metres 
per  second,  which  again  diminished,  during  the  last  16  millimetres 
of  the  lift,  before  the  fall  of  the  stem,  to  0.78  metre  per  second. 
The  involute  cams  act  only  on  the  outermost  edge  of  the  tappets, 
and  thereby  produce  a  rapid  wearing  away  of  this  edge.  In  the 
described  prolongation  of  the  initial  involute  into  a  flat  circular  arc, 
the  length  of  the  friction  surface  is  considerably  increased,  and,  in 
the  construction  under  consideration,  is,  in  fact,  as  great  as  10  centi 
metres.     The  line  of  contact  slides  forward  and  back  on  the  under 
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surface  of  the  tappet  Rolling  friction  on  the  tappet  takes  place 
during  the  greatest  rapidity  of  lift,  and  the  stem  jumps  up  without 
side-pressure. 

A  very  wide  removal  from  one  another  of  the  mutually  rubbing 
surfaces  of  contact  is,  however,  prevented  at  that  period  of  lift  in 
which  the  velocity  of  the  lift  decidedly  diminishes;  consequently, 
according  to  dynamic  laws,  the  pressure  between  the  surfaces  of 
contact  and  friction  must  correspondingly  diminish.* 

The  fastening  of  the  cam  on  the  shaft,  117  millimetres  thick, 
offered  a  further  difficulty,  because,  with  a  small  diameter  of  the 
involute  circle,  of  only  150  millimetres,  the  cam  could  not  be  pro- 
vided with  a  ring  running  around  the  shaft.  This  difficulty  was 
solved  in  a  very  satisfactory  manner,  by  means  of  a  peculiar  con- 
struction, which  permitted  each  cam  to  be  exchanged  at  pleasure, 
without  removing  the  other  cams,  or  even  lifting  the  shaft  out  of  its 
bearings.  The  stamp-mills  were  arranged  in  two  sets  of  eleven 
stamps  each.  The  stamps  of  one  set,  marked  in  order  from  i  to  1 1 
(C,  D,  Figure  9),  were  so  divided  on  the  shaft  that  the  neighboring 
stems  stood  nearly  diametrically  opposite.  The  cams  were  pro- 
vided with  a  prolonged  foot  (B,  D),  with  ear-shaped  flanges  at 
both  ends  and  hollowed  out  in  the  middle,  so  as  to  fit  on  the 
cylindrical  and  unturned  surface  of  the  shaft;  and  the  ear-shaped 
flanges  of  both  ends  turned  opposite  to  one  another  in  such  a  man- 
ner that  the  flanges  standing  diametrically  opposite  each  other  may 
be  brought  with  their  ears  into  the  right  position  to  fasten  them 
firmly,  by  means  of  a  pair  of  screw-bolts  outside  of  and  close  to  the 
shaft 

In  this  manner,  24  bolts  are  sufficient  for  fastening  the  1 1  cams  of 
one  set,  and  a  valuable  stiffening  is  given  to  the  shaft  itself  by  the 
plate-like  foot-pieces,  which  in  a  certain  measure  are  wound  about  it 
in  two  helices.  To  prevent  the  turning  of  the  cam  on  the  shaft,  and 
to  fit  the  cam  itself  properly,  every  cam-foot  is  provided,  on  one  end 
of  the  curved  surface  of  support,  with  a  blunt,  conical  nose,  as  is 
shown  in  the  drawing  (B,  D),  by  which  the  foot  is  caught  in  a 
corresponding  conical  hole  bored  in  the  shaft.  So  far  as  the  author 
has  had  an  opportunity  to  observe  these  stamp-mills  in  operation, 
this  construction  has  proved  very  efficient.  They  can,  without  doubt, 
make  80  lifts  per  minute,  while  a  beautiful  polish  is  soon  formed  on 

*  Instead  of  the  flat  arc  of  the  cam  a  straight  surface  can  be  used,  if  its  short  rounding 
end  is  only  preserved  as  a  friction  surface;  for  it  appears  improbable  that  a  still  greater 
velocity  than  1.25  metres  per  second  can  be  given  to  the  stamp  already  set  in  motion, 
and  therefore  shocks  can  no  longer  occur. 
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the  rough  cast-iron  surfaces  of  contact  of  the  cam  and  tappet,  which 
are  not  finished  at  all,  but  mutually  grind  each  other;  and  this  polish 
lasts  a  long  time,  with  moderate  use. 

In  the  most  recent  stamp-mills  of  the  great  central  ore-dressing 
establishments,  at  Clausthal,*  in  the  Hartz,  it  has  been  found,  after 
careful  experiments,  that  it  is  more  advantageous  for  the  work,  and 
saves  water,  to  unite  as  many  iron  stamps  as  possible,  say  nine,  in 
one  set,  and  to  make  the  space  between  the  shoes  very  small.  By 
crowding  them  together  the  punching  of  holes  in  the  bottom  is 
avoided,  and  the  wear  of  the  latter  is  diminished.  The  cams  are 
fastened  there  by  screwing  them  together  on  an  iron  double-lift  cam- 
shaft, in  a  similar  manner  to  the  above  construction. 

In  the  gold  and  silver  mines  in  the  western  part  of  the  United 
States,  stamp-mills  with  self-revolving  iron  stems  are  in  common  use. 
According  to  Gatzschmann,  the  idea  of  diminishing  the  friction  be- 
tween the  cam  and  the  tappet  by  revolving  stamps  had  been  previ- 
ously expressed  in  the  year  1844,  in  Hiilpe's  polytechnic  Centralblatt^ 
p.  1 10,  for  a  chopping  stamp,  with  a  stationary  arrangement  of  cam- 
shaft, around  which  four  stamps  were  placed  in  a  circle,  and  later  by 
Schwahn  in  his  MulUenbaukiinst  (sec.  vi.  p.  31). 

The  practical  introduction  of  this  improved  California  stamp-mill 
for  ore-dressing,  as  well  as  its  invention,  is  due  to  Joseph  Moore,  of 
San  Francisco,  who  obtained  a  United  States  patent  for  it  May  6^ 
i862.t  These  stamp-mills  work  partly  in  the  wet,  partly  in  the  dry 
way,  according  to  demand ;  but  generally  in  direct  connection  with 
metallurgical  processes,  without  further  concentration  of  the  slime  by 
mechanical  dressing.  A  gold-quartz,  wet,  stamping-mill  of  this  kind 
and  its  amalgamation-mill,  in  full  operation,  were  exhibited  by  the 
State  of  Nevada  at  the  Centennial  Exhibition. 

A  full  description  of  such  a  stamping-mill,  with  drawings,  by  Mr. 
G.  F.  Deetken,  of  Grass  Valley,  was  published  in  the  official  yearly 
report  of  the  Treasury  Department,  at  Washington,  for  the  year 

18734 


*  The  Clausthal  Works.  Engineering,  1876,  vol.  xxi.  pp.  35,  64,  I02,  167,  210,  249, 
303,  356.  An  earlier  description  of  this  interesting  establishment  is  given  by  Kutscher  in 
Der  Zeitschrift  Jur  das  Berg-,  Hutten-,  und  Sa/inenwesen  in  dem  Preussischen  StaaU,  vol. 
xxi.,  1873,  p.  85,  before  the  improvements  of  Meinecke,  Civil  Engineer  at  Gdrlitz,  were 
introduced. 

t  There  was  a  model  of  Moore's  patent,  with  the  inscription,  "  Revolving  Stamp  Mill,** 
in  the  Washington  Patent  Office  Exhibition,  in  the  Government  Building,  at  the  Centennial 
Exhibition. 

X  Statistics  of  Mines  and  Mining  in  the  States  and  Territories  west  of  the  Rocky 
Mountains;  being  the  Fifth  Annual  Report  of  Rossiter  W,  Raymond,  United  States  Com- 
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Mr.  P.  L.  Burthe  has  made  the  most  important  details  accessible  to 
the  readers  of  the  Annales  des  Mines^  in  his  notes  of  travel,  given  to 
that  widely-circulated  journal.* 

The  battery-frame  (Pochstuhl)  is  constructed  of  wooden  beams, 
with  a  foundation  usually  directly  upon  the  bed-rock.  The  cast-iron 
trough,  "  mortar,"  for  each  set  of  five  stamps  is  made  in  one  piece, 
which  rests  on  strong  wooden  blocks,  "  mortar-blocks,"  and  is  let 
into  the  battery-frame  on  both  sides.  In  the  long  mortar  lie,  in  close 
proximity,  the  "  dies,"  made  of  hard  cast-iron,  one  for  each  stamp. 
These  dies  have  a  four-sided  foot-plate,  with  truncated  corners,  to 
stand  upon  the  bottom  of  the  mortar,  and  they  end  above  in  a  cylin- 
drical head  of  the  same  diameter  as  the  "shoe"  (Pocheisen)  that 
strikes  upon  it  The  stamp  consists  of  four  cylindrical  parts : — the 
shoe,  the  head  or  boss,  the  stem,  and  the  tappet  or  lifter,  and  weighs 
from  600  to  900  pounds.  The  shoe  has  a  conical  or  tapering  shank, 
which  fits  into  a  corresponding  recess  in  the  head.  A  cylindrical 
hole  in  the  upper  side  of  the  head  contains  the  lower  end  of  the 
stem,  which  is  13  to  15  feet  long  and  3  to  3^  inches  thick,  while 
the  head  and  shoe  together  form  a  cylinder  about  20  inches  high  and 
10  inches  diameter.  At  the  end  of  the  two  cavities  in  the  head  are 
two  transverse  slots,  which  are  used  in  loosening  the  shoe  or  the  stem. 
The  tappet  is  fastened  to  the  stem  by  means  of  an  inserted  bar  of 
iron  called  a  "  gib,"  and  two  wedges  driven  in  transversely,  and,  after 
the  lower  surface  of  contact  is  worn  out,  it  can  be  removed  and  re- 
placed on  the  stem,  upper  end  down,  presenting  a  new  contact  sur- 
face. The  iron  cam-shaft,  about  5  inches  thick,  is  placed  as  close  as 
possible  to  the  stamps,  with  an  offset  of  only  5  inches  from  both 
centre  lines.  The  double-lifting  cams  and  the  hub,  which  has  one 
side  elongated,  are  cast  in  one  piece.  This  hub  is  forced  upon  the 
shaft,  which  is  turned  smooth  and  has  two  key-seats  cut  in  it,  and 
keyed  thereon.  The  hub  has  an  iron  ring  over  the  elongated  end,  to 
prevent  bursting.  The  cam-curve  is  the  involute  of  a  circle,  whose 
radius  is  equal  to  the  5-inch  offset  of  the  centre  lines  of  the  shaft  and 
the  stamps.  On  its  outer  end  it  is  curved  about  ^  of  an  inch  more, 
because,  at  the  end  of  the  lift,  the  point  of  application  is  forced  out 
of  the  centre  line  of  the  stamps  to  the  circumference  of  the  ring- 
shaped  contact  surface  of  the  tappet.  For  a  lift  of  10  inches  the 
length  of  the  cam-curve  is  546  millimetres  (21^  inches).     From  50 

missioner  of  Mining  Statistics .     Part  II.  p.  319.     Washington:   Government   Printing 
Oflfice,  1873. 

*  Burthe,  Notice  sur  les  gisement  des  minerais  d* argent  aux  ^tats-  Unis,  Annates  des 
Mines t  7e  s^r.,  tome  vi.  p.  9,  1874. 
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to  60  lifts  are  made  per  minute,  according  as  the  stamp  is  heavier  or 
lighter.  The  wear  is  reduced  by  a  twisting  motion  given  to  the  stem 
at  each  lift,  and  thereby  the  shoe  and  die  are  used  equally.  The 
upper  and  lower  guides  to  the  stamps  are  made  of  two  blocks  of 
pine,  hollowed  out  to  fit  the  stem  and  screwed  together.  To  sustain 
the  screens  a  cast-iron  flange,  or  frame,  is  bolted  to  the  side  of  the 
mortar,  and  in  it  is  a  row  of  rectangular  openings,  before  which  the 
screens,  in  window-shaped  frames,  are  screwed. 

In  the  California  stamp-mills  the  feeding  of  the  ore  requires 
especial  care,  because,  after  continued  use  of  the  shoe  and  die,  the 
tappet  in  falling  strikes  upon  the  hub  of  the  cam,  and  may  cause 
breakage ;  therefore  special  workmen,  called  "  feeders,"  are  employed 
for  this  purpose.  In  the  German  and  Cornish  stamp-mills  the  tappet 
cannot  strike  the  shaft  or  hub  of  the  cam,  because  it  is  placed  on 
the  side ;  on  this  account  self-acting  feeders  have  in  those  countries 
been  pretty  generally  used  for  some  time.  Within  a  few  years  such 
arrangements,  indeed,  have  come  into  use  in  California  too.  In 
Cornwall  they  have  lately  used  the  so-called  "  atmospheric  stamps," 
according  to  Gatzschmann,  invented  by  Hughes,  and  also  at  the 
Phoenix  Mine  at  Lake  Superior.  These  have  been  described  and 
illustrated  in  English  and  American  publications,"*"  though  the  par- 
ticulars, which  the  author  himself  saw  at  the  Phoenix  Mine,  difler 
somewhat  froip  those. 

The  cast-iron  stamp  is  raised  by  means  of  an  air-compressing 
cylinder,  of  4^  inches  diameter,  bored  in  it,  in  which  a  double- 
acting  piston,  packed  with  a  leather  gasket,  works  up  and  down, 
moved  by  a  crank-shaft.  The  air-cylinder  is  long  enough  to  allow 
the  piston  free  play.  Above  and  below  the  middle  point  of  the 
piston  the  cylinder-jacket  is  pierced  with  holes.  So  that  the  piston 
passes  through  the  first  half  of  its  up  and  down  stroke  in  the  cylinder 
without  resistance  from  the  air ;  but  there  it  shuts  off  the  air  in  the 
ends  of  the  cylinder  and  compresses  the  same.  In  this  way  the 
stamp  is  lifted  by  means  of  an  air-cushion  during  the  upward  motion 
of  the  piston,  and  in  the  downward  motion  its  fall  is  hastened. 
The  upper  part  of  the  mortar  is  provided  with  a  cylindrical  neck  cast 
upon  it,  in  which  each  stamp  (about  6  inches  thick  and  of  i  icx)  pounds 
weight)  plays  perpendicularly.  In  order  to  reduce  the  consumption 
of  water,  it  is  brought  into  the  mortar  from  above,  through  the  space 
between  the  neck  and  the  stamp.     From  five  to  six  stamps  in  a  set 


*  John  F.  Blandy  on  the  Stamping- Mills  of  Lake  Superior^  Trans*  of  the  American 
Institute  of  Mining  Engineers,  vol.  ii.  p.  212. 
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have  a  mortar  and  cast-iron  bed  in  common.  The  shaft  lying  over 
the  centre  line  of  the  stamps  is  bent  frequently  at  right  angles,  so 
that  the  five  or  six  cranks  lie  close  together  between  the  end-bearings 
of  the  shaft. 

The  principal  advantage  lies  in  the  quick  motion,  which  at  the 
Phoenix  Mine  reaches  140  lifts  per  minute,  or  double  the  velocity  of 
the  much  lighter  stamps  of  the  California  mill.  Still,  the  piston- 
packing  and  the  air-cylinder  in  the  stamps  wear  out  rather  fast,  and 
therefore  require  frequent  repairs  and  changes.  Only  two  of  the 
three  batteries  at  the  Phoenix  Mine  are  used  at  one  time,  while  one  is 
always  kept  in  repair. 

Under  the  title  of  "  Sholl's  Patent  Pneumatic  Dead-Blow  Power 
Hammer,"  there  has  quite  recently  come  into  use  in  England  a  one- 
stamp  steam-mill,  working  directly,  after  the  manner  of  a  steam- 
hammer.  This  is  arranged  in  a  way  similar  to  the  steam  stamp-mill 
of  Ball,  described  hereafter ;  and  the  transmission  of  power  from  the 
steam-piston  to  the  stamp  takes  place  in  just  the  same  way  as  in 
the  above-described  mill,*  by  means  of  a  piston  and  air-cylinder. 
Of  the  greatest  importance  to  the  copper-mining  interests  of  Lake 
Superior  has  been  the  above-mentioned  BalFs  steam-stamp,  invented 
some  twenty-five  years  ago  by  William  Ball. 

This  machinef  (Figure  10),  which  was  in  active  operation  at  the  Cen- 
tennial Exhibition,  is  constructed  upon  the  principle  of  Nasmyth's 
steam-hammer;  yet,  in  the  particulars  of  its  construction,  it  has  a 
number  of  peculiar  arrangements,  by  means  of  which  the  inventor 
and  his  heir,  during  the  twenty  years  since  its  first  introduction  into 
the  Lake  Superior  region,  have  succeeded  in  establishing  a  stamping- 
hammer  as  powerful  in  its  work  as  it  is  a  practically  useful,  enduring 
machine  of  a  perfect  type. 

The  importance  of  this  invention  for  the  cheap  dressing  in  bulk  of 
the  very  poorest  copper  ores  at  Lake  Superior  is  shown  by  the  fact 
that  26  such  stamps,  mostly  of  the  largest  size,  are  in  use  there,  of 
which  each  one  stamps  120  tons  of  hard  ore  in  24  hours;  that  is, 
as  much  as  a  California  mill  of  50  to  60  stamps.  Such  a  hammer 
weighs  4500  pounds,  and  makes  90  blows  per  minute,  with  a  lift  of  28 
inches,  the  diameter  of  the  steam-cylinder  being  12  to  15  inches,  and 


*  Engineer  J  1876,  vol.  xlii.  p.  $. 

f  The  accompanying  wood-cut,  Figure  10,  page  258,  is  taken  from  the  drawings  in  the  illus- 
trated catalogue  of  the  present  owner  of  the  patent,  Edwin  B.  Ball,  of  Chickopee,  Massa- 
chusetts, which  contains  a  complete  description  of  the  machine.  Same,  also,  in  Engineering 
and  Mining  yaumal,  1876,  vol.  xxii.  p.  359. 
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the  working  strength  30  horse-power.  The  high-pressure  steam  of 
6  atmospheres,  after  being  used  in  the  hammer,  is,  usually,  in  sepa- 
ration-works, conducted  into  a  low-pressure  engine,  which  drives  the 
remaining  apparatus  in  the  works,  and  thereby  a  great  saving  of  fuel 
is  effected. 

The  separation-works  of  the  most  important  of  these  copper 
mines,  the  "Calumet  and  Hecla,"  of  which  a  beautiful  model  was  to 
be  seen  at  the  Centennial  Exhibition,  worked  up  in  the  four  years, 
1872  to  1875  inclusive,  reckoned  from  May  i  to  May  i,  with  their 
seven  Ball  stamps,  a  total  of  880,920  tons  of  hard  stamping  rock, 
making  a  yearly  average  of  220,230  tons,  or  in  one  day  of  24  hours 
734  tons,  and,  since  only  six  of  these  machines  were  working  at  once, 
each  stamp  crushed  122.35  tons  in  24  hours. 

As  a  rule,  at  least  three  of  these  stamps  are  used  in  an  establish- 
ment, in  order  to  avoid  any  interruption  of  the  work,  if  a  stamp  is  to 
be  cleaned,  or  any  parts  of  the  mortar  thrown  down  during  the 
operation  are  to  be  replaced.  For  this  reason  Mr.  Ball  also  makes  a 
smaller-sized  stamp  for  less  important  mineral  products, — the  smallest 
size,  with  a  650-pound  stamp,  a  6-inch  cylinder,  and  8  horse-power, 
stamping  out  1 5  to  20  tons  of  rock  in  24  hours,  at  the  rate  of  120  blows 
per  minute,  with  a  lift  of  1 8  inches.  The  piston  velocity  with  which  this 
machine  works  amounts,  accordingly,  to  360  to  420  feet  per  minute, 
while  the  highest  reached  in  the  atmospheric  stamp-mill  is  210  feet, 
and  in  the  California  mill  the  average  is  only  100  feet,  the  highest 
1 20  feet. 

While  Ball's  machine,  with  a  4500-pound  stamp,  crushes  120  tons 
in  24  hours,  in  other  words  requires  only  38.5  pounds  weight  of  stamp 
for  each  ton  of  ore,  the  heavier  California  stamp  of  850  pounds  crushes 
2  tons  in  24  hours,  requiring  for  each  ton  of  ore  a  stamp  weight  of 
425  pounds,  or  11  times  the  amount  of  iron  in  the  other  stamp  for  the 
same  execution.  To  be  sure,  in  this  comparison  we  have  not  con- 
sidered the  unequal  hardness  of  the  rock  in  amygdaloids,  conglomer- 
ate and  quartz,  as  well  as  the  difference  in  the  grade  of  comminution 
at  the  copper  mines  and  the  gold  stamp-mills,  by  which  circumstances 
the  execution  of  the  latter  is  considerably  diminished.* 

But,  from  the  fact  of  the  powerful  Ball  stamp  having  shown  itself 

*  The  relation  of  the  rocks  causes  great  differences  in  other  respects  also.  At  the  Pewabic 
Mine,  at  Houghton,  where  a  very  hard  conglomerate  was  stamped  with  four  of  Ball's  ham- 
mers No.  2,  with  a  3500  pound  stamp,  and  the  execution  of  one  stamp  in  24  hours  was 
70  tons  of  stamped  stuff,  the  author  was  informed  that  the  wear  on  the  shoe  and  appurte- 
nances amounted  to  one  pound  of  iron  per  ton  of  ore  stamped,  while  in  the  case  of  mild 
trap-rock  and  amygdaloids  it  was  only  one-sixth  to  one-fifth  of  a  pound. 
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at  Lake  Superior  the  most  preferable  apparatus  for  stamping  out 
native  copper  from  the  gangue,  we  must  not  necessarily  infer  that  it 
is  in  like  manner  suited  to  the  separation  of  gold  from  gold  quartz. 
For  soft  silver-lead  ores,  or  for  so-called  dry  silver  ores,  the  lift-stamp 
with  a  high  lift  has  been  found,  after  old,  well-established  experience, 
more  advantageous  than  the  heavy  one  with  a  low  lift,  because  the 
latter  tends  to  the  dead  stamping  of  the  more  valuable  ore  particles. 
Results  of  experience  in  the  use  of  the  Ball  stamp  for  such  ores  have 
not  been  made  known.  Since,  on  this  account,  according  to  the 
present  laws  of  technics,  the  principal  operation  is  performed  by 
crushing  rollers,  and  only  a  comparatively  small  part  of  the  ore  to  be 
worked  is  brought  to  the  stamps,  in  case  such  enter  at  all  into  the 
question ;  therefore,  in  such  a  case,  only  the  smallest  Ball  machines 
are  to  be  considered,  whose  weight  of  stamp  agrees  with  that  of  the 
California  stamp-mill,  and  then  the  question  is  only  whether  such 
small,  quickly-moving  steam-stamps  or  the  usual  slower,  lighter 
stamp-mills  deserve  the  preference.* 

Figure  1 1  shows  the  complete  arrangement  of  a  separation-works 
at  Lake  Superior,  with  the  Ball  stamp,  in  vertical  section,  together 
with  the  distribution  of  the  continuous-jiggers  and  rotating  convex- 
buddies,  used  for  extracting  the  native  copper  from  the  stamp-pulp. 

In  the  Ball  stamping-machine  the  rather  thick  stamp  is  provided 
with  a  clutch  below,  to  fasten  the  shoe  to, — as  in  certain  steam- 
hammers, — ^and  above,  with  a  disk-shaped  end.  The  latter  is  bolted 
to  a  cast-iron  buffer-box,  which  hangs  on  the  end  of  the  thin  piston- 
rod,  also  disk-shaped.  Above  and  below  the  latter-named  end  are 
india-rubber  disks  pressed  into  the  box ;  so  that  the  stamp  is  lifted 
in  an  elastic  manner^  and  the  jar  of  the  stroke  is  not  transmitted  to 
the  piston-rod.  The  iron  piston-rod  is  thereby  protected  from  a 
change  of  texture  from  the  jarring,  as  well  as  from  breaks.  Under 
the  spring-box  the  stamp  is  carried  directly  into  two  collars  which 
lie  upon  a  strong  rim.  Between  these  two  stationary  collars  a  third 
movable  collar,  provided  with  a  belt  pulley,  is  fastened  to  the  stamp 


*  In  this  connection  is  deserving  of  special  notice  the  twin  steam-hammer  of  T.  W. 
Forbes,  of  Philadelphia,  which  was  also  in  the  Exhibition,  but  yet,  unfortunately,  was  set 
running  only  at  a  late  day.  In  this  machine  two  small  steam-hammers  with  a  rotating 
slide-valve  in  common  are  coupled  together  in  an  ingenious  manner  by  providing  the  piston- 
rods  with  conical  enlargements,  by  means  of  which  two  guiding  levers  of  the  rotating 
valve  are  turned  hither  and  thither,  so  that  one  stamp  always  regulates  the  other.  The 
weight  of  each  stamp  is  220  pounds,  and  the  machine  works  in  a  very  quick  and  pleasing 
manner.  Unfortunately,  within  the  time  allotted  to  the  business  of  awarding  the  prizes, 
experiments  could  not  be  made  to  test  the  machine's  capacity  for  work. 
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Stem,  and,  by  means  of  a  groove  and  spring,  imparts  its  rotary  motion 
to  the  stem.  The  rotary  collar  is  moved  uninterruptedly  by  means 
of  a  belt  passing  over  the  pulley,  led  from  the  driving-engine  of  the 
establishment,  independently  of  the  stamp-hammer.  Under  the  steam 
cylinder  the  piston-rod  passes  through  a  second,  stationary  buffer- 
box,  situated  on  a  strong  cast-iron  cross-beam,  against  which  the 
movable  buffer  strikes.  By  this  means  the  upward  play  of  the  stamps 
is  limited,  and  the  steam-piston  is  prevented  from  striking  against 
the  upper  head  of  the  cylinder.  Besides  the  principal  steam  supply- 
pipe,  the  cylinder  has  several  small  openings  below  for  the  steam  to 
enter  by ;  but,  on  account  of  the  thickness  of  the  piston-head,  situated 
higher  up  than  the  former.  These  are  thrown  open  above  the  piston, 
as  soon  as  the  layer  of  ore  upon  the  bottom  has  been  stamped  away, 
by  reason  of  insufficient  feeding,  before  the  shoe  strikes  upon  the 
bottom.  On  account  of  the  steam  entering  by  the  above-mentioned 
openings  above  the  piston  after  its  descent,  that  remains  standing, 
and  the  machine  cannot  be  put  in  action  again  until  the  mortar  is 
sufficiently  filled  with  ore  and  the  stamp  raised  by  the  workman. 
The  trough  is  closed  above  by  means  of  a  plate,  which  has  a  high 
collar  upon  it  to  allow  the  stamp  to  pass  through,  and  into  this  the 
water  used  in  stamping  is  led.  .  Besides  this,  there  rests  upon  the 
plate  a  cast-iron  hopper  for  feeding  the  ore  through.  On  the  front 
and  back  sides  of  the  mortar  are  rectangular  openings  in  a  frame- 
work inclined  forward,  upon  which  are  bolted  large  screens'  and 
especial  receiving-troughs  to  catch  the  slime  spurted  through  the 
screen,  and  conduct  it  through  pipes  underneath  into  the  sluice. 

The  cylinder  is  supplied  with  an  ordinary  slide-valve,  with  upper 
and  lower  parts.  The  valve  is  worked  by  means  of  a  pulley  and  belt 
from  the  driving-engine.  But  there  are  two  elliptical  cog-wheels 
interposed,  which,  on  account  of  the  irregularity  of  the  motion  arising 
therefrom,  cut  off  the  stem  from  the  upper  part  more  quickly  than 
from  the  lower  one. 

At  each  steam-stamp,  in  addition  to  the  workmen  who  have  care 
of  the  feeding,  there  is  a  boy  in  attendance  who  regulates  the  steam 
supply-valve  above,  and,  in  case  of  any  trouble  in  the  operations, 
immediately  shuts  it  and  throws  off  the  two  driving-belts. 

The  connection  of  the  mortar  with  the  two  wooden  principal  posts 
of  the  stamp-frame,  on  the  one  side,  and  with  the  foundation  of  the 
latter,  on  the  other,  as  well  as  the  foundation  itself,  are  so  made  that 
the  powerful  blows  of  the  heavy  stamp  produce  only  slight  move- 
ments in  the  frame  and  scarcely  noticeable  tremblings  in  the  building. 
The   foundation  consists  of  a  number  of  layers  of  stout  wooden 
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beams  placed  crosswise  upon  one  another,  and  the  whole  firmly 
fastened  together  by  means  of  long  upright  anchor-bolts.  The  beams 
lie  at  a  small  distance  from  one  another,  giving  room  for  the  bolts 
between  them,  and  the  remaining  space  is  filled  with  cement.  Upon 
the  top  layer  rest  two  parallel  cast-iron  sills,  fastened  by  anchor-bolts 
to  the  foundation.  The  wooden  sills  of  the  frame  rest  upon  two 
wooden  cross-beams  lying  crosswise  on  the  cast-iron  sills,  and  to 
them  the  layers  of  timber  are  firmly  bolted,  whereby  a  certain  elas- 
ticity is  given  to  the  frame  itself.  On  the  two  iron  sills  rests  a  layer 
of  spring  beams,  tongued  on  the  ends ;  upon  that  a  rubber  plate,  and 
on  top  of  this  a  broad,  thick  iron  plate,  upon  which  is  fastened  the 
mortar,  which  has  a  hole  in  the  middle  of  the  bottom,  through  which 
an  iron  dowel-bolt  passes.  Between  the  posts  of  the  frame  there  are 
upright  projecting  side-braces  to  the  mortar,  which  are  held  sidewise 
only,  between  iron  plates  screwed  to  both  sides  of  the  posts ;  so  that 
the  mortar  can  work  itself  up  and  down  against  the  posts,  and  the 
blows  falling  upon  it  are  not  transmitted  directly  to  the  frame. 

The  Ball  stamping-hammer  requires  very  little  working  room  com- 
pared with  other  stamps  of  equal  execution.  Twenty  feet  square  is 
enough  for  it,  and  of  this  the  machine  itself  demands  only  125^  to 
15  J^  feet.  According  to  the  universal  reports  of  the  mine  managers 
at  Lake  Superior,  important  repairs  are  extremely  seldom  required, 
and,  as  a  rule,  consist  in  replacing  the  stamps  themselves,  which  last 
about  eight  years,  or  in  boring  out  the  cylinder,  and  the  like.  In  the 
stamp-mills  of  Austrian  Hungary  and  Germany  the  removal  of  the 
pulp  from  the  mortar  has,  of  late,  been  promoted  by  damming  up  the 
slime  in  boxes  bolted  in  front  of  the  screens.*  This  so-called  stay- 
battery^  (Stausatz)  invented  by  Von  Rittinger,  aids  essentially  in  the 
working  of  the  mill  and  diminishes  the  dead-stamping. 

The  amount  of  water  used  for  the  stamps  in  such  a  mill,  as  stated 
by  Von  Rittinger,  is  13  to  32  litres  (3  to  8.5  gallons)  for  each  stamp 
weighing  146  kilogrammes  (260  Vienna  pounds)  and  having  70  lifts 
of  184  millimetres  (7  Vienna  inches)  per  minute..  Thus,  in  24  hours, 
1344  kilogrammes  (2400  Vienna  pounds)  of  quartzy  ore  are  stamped 
through  a  screen  of  i  millimetre  mesh;  and,  consequently,  14  to  34 
cubic  metres  (3498  to  8982  gallons)  of  water  are  used  for  1000  kilo- 
grammes (2205  pounds)  of  stamping  ore.J 

The  Ball  machine  at  Lake  Superior  shows  a  water  consumption  of 
30  cubic  metres  (7925  gallons)  to  I  ton  of  stamped  ore. 

*  In  the  Ball  stamp  there  is  just  such  a  contrivance. 

t  R.  W.  Raymond,  Mining  Statistics^  etc.,  1870,  p.  682. 

J  P.  von  Rittinger,  Lehrbiich  der  Aufbefeitungskunde^  p.  142. 
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According  to  Mr.  G.  F.  Deetken,  the  California  stamp-mills  use,  on 
the  average,  0.5  cubic  foot  (14,160  cubic  centimetres)  per  minute  for 
each  stamp.  Since  such  a  one  stamps  2  tons  of  ore  in  24  hours,  it 
requires  20  cubic  metres  (5282  gallons)  of  water  to  1000  kilogrammes 
of  ore.  The  consumption  of  iron  in  the  shoes  and  bottoms  evidently 
varies  very  much  with  the  hardness  of  the  iron  and  the  ore-gangue, 
and  forms  an  important  element  of  the  running  expenses.  In  the 
German  light-stamp  mills,  which  have  cast-iron  bottoms,  there  is, 
according  to  Gatzschmann,  a  wear  on  the  shoe  of  about  0.8  kilogramme 
to  1000  kilogrammes  of  hard  ore,  and  on  the  bottoms,  o.i  to  0.4  kilo- 
gramme; or,  together,  0.9  to  1.2  kilogramme.  In  the  California  mills, 
Deetken  says,  for  each  ton  of  ore  stamped  there  is  a  consumption  of 
iron  amounting  to  \yi  pounds  on  the  shoe,  and  0.6  pound  on  the 
bottom,  or  a  total  of  0.5  +0.27  =  0.77  kilogrammes  of  iron  to  1000 
kilogrammes  of  ore. 

In  the  Ball  stamp  the  total  consumption  of  iron  is  given  at  0.08  to 
0.50  kilogramme  to  1000  kilogrammes  of  ore,  according  to  the  hard- 
ness of  the  same. 

TABLE  VL — Size  and  capacity  of  stamp-mills. 
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If  we  exclude  the  atmospheric  mill,  in  which  the  stamp-lift  is  taken 
as  equal  to  that  of  the  moving  air-piston,  although,  in  reality,  it  must 
be  smaller,  on  account  of  the  compression  of  the  air,  we  get  from  the 


*  Rittinger,  Aufhereitungskundey  p.  142. 
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above  table  the  astonishing  result,  that  for  one  horse-power  of  the 
stamp-weight  actually  lifted,  between  31 11  and  4143  kilogrammes  of 
rock  are  stamped,  and  that  herein  no  difference  worth  mentioning 
exists  between  the  capacity  of  the  lightest  stamp  and  the  more  than 
ten  times  as  heavy  stamp  of  Ball's  machine.  No.  2. 

Besides  this,  the  quartz-rock  at  the  lighter  stamps,  Nos.  5  and  6, 
and  the  corundum  at  No.  3  are  essentially  harder  than  that  at  the 
heaviest  stamps,  Nos.  i  and  2.  It  is  also  to  be  observed  that  the  mesh 
of  the  screens  at  the  lighter  stamps  is  about  I  millimetre,  while  a 
much  larger  mesh  is  used  with  the  heavy  steam-stamps  at  Lake  Supe- 
rior for  copper  gangue. 

We  see,  too,  that  the  advantages  of  the  heavy  stamp  are  to  be 
sought  for  only  in  the  saving  of  room  and  running  expense,  and  in  a 
higher  working  capacity  in  consequence  of  diminished  friction. 

Therefore  the  choice  of  a  stamp-weight  depends  solely  upon  the 
nature  of  the  rock  to  be  stamped.  Otherwise,  however,  that  arrange- 
ment has  the  advantage  which  produces  the  very  highest  possible 
velocity  of  the  stamp  in  order  to- arrive  at  the  greatest  possible  work- 
ing effect  with  the  given  weight  of  stamp. 

V.  CLEANSING-  AND  SORTING-MACHINES. 

I.  Cleansing  Apparatus. — In  the  case  of  cleansing-  and  sorting- 
machines  there  are  a  few  apparently  rather  simple  mechanical  prob- 
lems to  solve.  Either  a  firm  mineral  grain,  as  spherosiderite,  lentic- 
ular iron  ore,  brown-iron  ore,  manganese  ore,  phosphorite,  is  to  be 
cleared  from  the  coating  of  sand,  loam,  and  clay  that  surrounds  it, 
without  needing  any  further  dressing, — in  which  very  simple  case  the 
cleansing  is  limited  to  merely  soaking,  scraping,  and  washing  the 
sandy  or  tough  mud  from  the  inclosed  mineral  grains  and  pieces,— or 
the  hard,  clean  grains  require  a  still  further  mechanical  dressing,  as 
in  the  case  of  alluvial  deposits  containing  gold  and  tin  ores  or  pre- 
cious stones, — the  so-called  "  hydraulic  diggings"  (Seifenwerk), — and 
as  with  the  "  smalls"  in  ore-mining.  The  cleansing  apparatus,  there- 
fore, is  connected  with  that  for  sorting  or  sizing  the  grains,  the  one 
part  for  picking  or  "  culling"  (Klauben)  the  portable  lumps  of  more 
than  2  to  3  cubic  metres,  the  other  part  for  preparing  the  smaller 
grains  for  the  jigging  and  slime  processes.  Or,  as  in  coal-mining,  it 
only  amounts  to  a  separation  of  the  coal  brought  out  of  the  mine 
into  different  sorts  according  to  size, — lump,  furnace,  nut,  and  range 
coals, — ^to  break  off* the  slate  and  rock  attached  to  the  lumps  and  cubes, 
and  to  subject  these  impure  coals,  as  well  as  the  screenings,  to  a  further 
mechanical  dressing. 
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While  washing  plays  the  chief  part  in  the  first-named  case,  in  the 
second  and  third  cases  the  cleansing  operation  stands,  according  to 
local  conditions,  more  or  less  in  the  background.  Where  the  local 
conditions  present  hindrances  to  the  use  of  machinery,  or  where  there 
is  an  abundant  supply  of  water  at  hand,  or  easily  brought  in,  as  at 
iron  mines  and  hydraulic  diggings,  it  is  often  the  custom  still  to  make 
use  of  the  simplest  arrangements,  such  as  have  been  employed  from 
old  times  down  to  the  present  The  loamy  minerals  are  put  into  a 
trough  or  sluice, — filter  or  rinsing-tub  (Durchlass,  Spiilgraben),— ^ 
and  worked  over  with  rakes,  in  a  continuous  stream  of  water,  until 
the  mud  and  sand  are  scraped  and^  washed  off,  and  then  they  are 
broken  up. 

Hydraulic  Mining. — During  the  last  ten  years  hydraulic  mining 
has  been  carried  on,  with  considerable  outlay  of  capital,  in  the  enor- 
mous gold-bearing  gravel-beds  of  California.  From  the  initial  opera- 
tions begun  at  Yankee  Jim,  in  Placer  County,  in  1852,  with  primitive 
apparatus,  this  hydraulic  mining  has  been  developed  into  very  con- 
siderable proportions:  mountain-ridges  have  been  bored  through, 
and  valleys  about  a  thousand  feet  deep  have  been  spanned  by  iron 
pipes,  in  order  to  hurl  huge  masses  of  water  in  mighty  streams 
against  the  gravel  in  the  banks,  and  then  to  carry  off  the  loosened 
gold-bearing  material  in  wooden  sluice-boxes  of  gigantic  proportions, 
to  be  subjected  next  to  a  mechanical  separation.  In  this  operation 
the  coarser  quartz  pebbles  roll  off  sidewise  out  of  the  sluices  and 
over  the  mountain  slope,  and  then  the  gold  gravel  and  sand  are 
subjected  to  a  further  mechanical  dressing,  and,  finally,  the  gold  is 
extracted  by  amalgamation.  These  arrangements  for  cleansing  and 
separating — sluice,  sluice-box,  under-current,  grating,  and  grizzly — 
are  exceedingly  simple.  Technical  skill  is  shown  chiefly  in  the  con- 
struction of  the  outlets  of  the  iron  water-pipes,  the  so-called  "  hydraulic 
nozzles,"  as  well  as  in  the  laying  of  enormous  blasts,  previous  to  the 
process  of  hydraulic  extraction,  for  the  purpose  of  loosening  the  bank 
of  gold-gravel  to  be  attacked.  Without  going  further,  in  this  place, 
into  the  particulars  of  this  extraordinary  mode  of  mining  and  dress- 
ing, we  refer  to  an  article  on  the  subject  by  Mr.  Charles  Waldeyer, 
of  Cherokee,  Butte  County,  California,  in  Raymond's  official  mining 
statistics  of  the  United  States  for  the  year  1873.* 

*  R.  W.  Raymond,  Mineral  Resources  of  the  United  States  west  of  the  Rocky  Mountains, 
1873,  chap.  xvii.  p.  390.  "  This  hydraulic  gold-mining  of  California  produces  yearly  from 
10  to  12  millions  of  dollars  in  gold.  The  blasts  are  charged  with  5  to  6  tons  of  powder. 
The  nozzles  throw  their  streams  of  water  to  a  distance  of  about  200  feet,  with  a  velocity  of 
40  metres  and  a  volume  of  0.75  cubic  metres  per  second.     The  Spring  Valley  Company 
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•  At  thie  gold  mines  in  Siebenbiirgen  (Transylvania),  and  at  the  copr 
per  mines  in  Hesse,  there  existed,  even  in  the  middle  of  the  last  cen- 
-tury,  mechanical  "  agitators"  for  washing  (Krahlwaschen),  provided 
with  an  upright  spindle  and  horizontal  rake-like  arms^  which  worked 
in  a  shallow  tub.  At  the  Siberian  gold-dressing  works,  and  the  iron 
mines  in  the  neighborhood  of  Stolberg,  in  Rhenish  Prussia,  such 
machines  have  been  in  use  even  very  lately. 

At  iron-dressing  works  in  France,  mechanical  hydraulic  agitators 
(patouillets)  have  been  set  up,  in  which  iron  rakes  distributed  about  a 
horizontal  shaft  stir  up  the  stuff  placed  in  a  trough  under  water. 
Similar  washing,  apparatus  is  in  use  at  the  Pennsylvania  brown-iron 
mines.  But  the  more  practical  method  is,  to  feed  the  stuff  to  be 
washed  into  movable  vessels. 

The  "  cradle"  of  the  gold-washer  is  a  simple  contrivance  of  this 
kind,  which  is  used  in  California  and  Australia  in  various  ways,  in 
combination  with  amalgamation,  in  the  washing  of  gold-bearing  river 
alluvium.  A  trough,  provided  with  a  sieve  for  separating  the  coaTse 
rolling  pieces,  forms  the  upper  part  of  the  California  cradle,  into 
which  the  stuff  is  introduced  under  a  stream  of  water.  Under  it  there 
is  a  second  inclined  trough  provided  with  cross-pieces,  in  which  the 
grains  of  gold  are  caught  and  amalgamated.  During  the  filling,  the 
cradle  is  rocked  to  and  fro.  Revolving  dryms,  into' which  the  raw 
stuff  is  poured  and  stirred  in  a  steady  stream  of  water,  have  been  used 
at  ore  mines  since  the  beginning  of  the  present  century.  They  first 
received  a  practical  form,  however,  about  thirty  years  ago,  from  Von 
Carnall,  in  the  ore-dressing  establishments  at  Tarnowitz,  in  Upper 
Silesia,  and  at  Altenberg,  near  Aix-la-Chapelle,  which,  in  their  sys- 
tematic disposition,  formed,  to  a  certain  degree,  the  starting-point  of 
the  more  recent  science  of  mechanical  ore-dressing  in  Germany. 
The  use  of  drums  for  refining  and  sorting  has  since  been  rapidly  and 
generally  adopted. 

The  cleansing-drum  was  originally  provided  with  a  shaft,  to  the  arms 
of  which  the  plate-metal  cover  was  fastened.  This  cover  (Figure  12 
A,  p.  269)  had,  in  the  middle,  an  enlargement  lined  with  prongs,  or 
long  points,  and  at  the  outlet  end  a  narrow  cylinder  sieve,  for  sepa- 
rating the  coarse  picking-stuff  from  the  fine  jigging-stuff.  The  water 
for  washing  was  introduced  at  the  inlet  with  the  ore. 

Large  cylindrical  wash-drums  were  introduced  about  twenty  years 

has  laid  across  the  valley  of  the  West  Branch  of  the  American  River  an  iron  pipe  of  30 
inches  diameter  and  14,000  feet  long,  which  descends  the  slope  of  Yankee  Hill  a  vertical 
distance  of  980  feet  and  ascends  the  opposite  slope  of  Red  Hill  to  a  vertical  distance  of 
830  feet." 
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ago  at  the  blast-furnaces  at  Hochdahl,  near  Dusseldorf,  on  the  lower 
Rhine,  for  washing  clayey  iron  ores.  In  those  the  easily-broken 
lancet-shaped  points  were  replaced  by  durable,  firmly-riveted  angle- 
brackets,  which,  in  revolving,  lifted  the  pieces  of  ore  and  then  let 
them  fall  again.  The  cleansing-drums,  built  in  1862,  for  the  im- 
mense ore-dressing  establishment  at  Scharley,  in  Upper  Silesia,  to 
work  up  clayey  zinc  and  lead  ores,  were  modeled  by  Sievers  &  Co. 
(now  the  Humboldt  Stock  Company,  at  Kalk,  near  Cologne),  and 
became  the  starting-point  of  a  series  of  genuine  advances.* 

These  drums  (Figure  12  B)  consist  of  a  strong,  horizontal,  sheet- 
iron  cylinder,  closed  at  both  ends  by  ring-shaped  disks,  and  upon 
which  two  smoothly-turned  cast-iron  rims,  a,  a,  and  a  toothed  rim,  b, 
are  wedged.  The  rims  each  rest  on  three  friction  rollers,  the  middle 
one  of  which  can  be  so  arranged  as  to  bear  most  of  the  weight.  The 
drum  revolves  by  means  of  a  small  driving-wheel  connected  with  the 
toothed  rim,  and,  though  quite  heavy,  has  no  axle,  but  its  weight  is 
bcff"ne  by  the  friction  rollers,  which  have  short  axles  resting  upon  a 
solid  iron  frame,  similar  to  that  on  the  rotating  puddling  oven  of 
Danks  and  others.  One  of  the  ring-shaped  disks,  through  which  the 
raw  stuff  is  introduced,  is  provided  with  a  perforated  flange  of  5  milli- 
metres mesh,  for  carrying  off  the  fine  grains  and  slime.  On  the 
inside  of  the  cylinder  cover  are  riveted  24  strong  angle-irons,  8  centi- 
metres broad,  arranged  in  a  spiral  that  makes  a  quarter  revolution  in 
its  whole  length.  The  drum  is,  therefore,  in  a  certain  degree,  like  a 
rifled  cannon,  whose  grooves  have  a  quarter  turn.  Furthermore, 
strong,  iron,  box-like  scoops  are  riveted  to  the  angle-irons  at  suitable 
distances  near  the  outlet,  which,  at  every  revolution,  take  up  and 
throw  down  the  raw  stuff,  together  with  the  water.  By  means  of  this 
arrangement,  the  raw  stuff  introduced  is  shoved  evenly  towards  the 
outlet  end  of  the  drum,  and,  at  the  same  time,  raised  from  the  bottom 
and  turned  over  by  each  angle-iron  and  scoop,  while  the  purifying 
water  admitted  at  the  outlet  end  washes  away  the  slime  and  fine  min- 
eral grains  in  the  opposite  direction.  The  washing  thus  takes  place 
in  a  completely  systematic  and  continuous  manner,  with  a  minimum 
of  water.  The  two  purifying-drums,  at  Scharley,  are  4.7  metres  long 
by  2.27  metres  diameter.  The  last  drum  set  up  has  192  scoops, 
makes  9  revolutions  per  minute,  and  works  up  250  cubic  metres  of 
clayey  raw  material  in  24  hours.  A  drum  with  its  frame  costs 
15,483  marks,  and  weighs  altogether  19,031  kilogrammes. 


*  SchOnfelder,  /?»>  hauUchen  Anlagen  auf  den  Berg-,  HUtten-^  und  Salinenwerken  in 
Preussen,  (Supplement  to  the  Zeitschrifl  f.  d.  Berg-,  H&tten',  und  Salinenwesen  i.  d, 
Preuss.  St.,  j.  Jahrgang.)     Press  of  Director  Kunitz,  at  Scharley,  p.  22,  Plate  IV. 
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The  cleansing  of  the  small  stuff  obtained  from  the  ore-gangue  is 
limited  generally  to  a  mere  washing  off  of  the  pieces  of  mineral,  and 
is  effected  in  a  short  division  of  the  sorting-drum. 

The  English  method  of  purification  can  still  be  recommended  in 
small  mining  establishments,  where  ore-dressing  is  conducted  in  the 
simplest  manner  possible.  In  this  process,  the  raw  material  from 
the  mine  is  dumped  into  a  funnel  made  of  stone,  about  0.5  metre 
deep,  and  open  at  one  side,  and  therein  washed  by  a  falling  stream  of 
water.  At  the  bottom  of  the  funnel  is  an  iron  grate,  let  into  a  wooden 
table,  through  which  the  jigging-stuff  is  washed  into  a  draining-pit 
Two  powerful  workmen  stand  upon  the  table,  who  clean  the  raw  stuff 
with  iron  scrapers,  under  the  stream  of  water,  and  shove  it  to  the 
picking  boys  who  stand  around  the  table.  The  jigging-stuff  is  shov- 
eled out  of  the  draining-pit  to  the  adjacent  hand-jig,  and  upon  this  is 
sorted  and  separated  at  the  same  time. 

Such  purifying  funnels  were  introduced  from  England  into  Rhenish 
lead  and  zinc  ore-dressing  establishments  nearly  thirty  years  ago. 
Such  a  funnel  works  up  about  40  or  50  metrical  tons  of  small  stuff, 
unmixed  with  clay,  in  9  or  10  hours. 

2.  Sorting-Machines,  a,  Ore-Dressing. — In  the  second  half  of  the 
previous  century  numerous  mechanical  contrivances  were  employed 
for  sorting  ores,  in  which  slightly-inclined  grates  or  sieves,  success- 
ively increasing  in  width,  were  placed  one  after  the  other,  or,  with 
their  width  diminishing  in  succession,  were  placed  under  one  another. 

These  screens  (Ratter)  were  either  stationary,  and  then  needed 
special  workmen  to  scrape  the  stuff  through  them,  or  they  were 
movable,  so  that  the  stuff  was  forwarded  automatically  either  by 
shaking,  by  counter-thrust,  or  by  an  upward  blow.  The  simple  sta- 
tionary screens  have  of  late  been  used  only  for  coarse-sorting  work  at 
coal  mines  (described  above).  The  shaking-  or  percussion-screens  are 
occasionally  employed  for  special  purposes  at  ore  mines,  but  generally 
the  cylindrical  or  conical-shaped  rotating  drum-sieve  is  used  for  the 
sorting  of  ore-stuff.*  For  forwarding  the  granular  stuff  along  the  re- 
volving* surface  of  the  sieve  a  slight  inclination  is  given  to  the  axle  of 
the  drum.  With  conical  ones  the  inclination  given  to  the  sides  of  the 
drum  is  sufficient. 

It  is  interesting  to  observe  in  what  wonderful  ways  technology  has, 
by  numerous  complications,  striven  to  make  the  working  of  the  sort- 
ing-drums more  efficient,  and  then,  quite  lately,  has  arrived  at  a  very 
simple  solution  of  the  problem,  near  the  starting-point. 

*  The  use  of  six-  or  eight-sided,  prismatic  or  truncated,  pyramidal  drums,  formerly  very 
common,  has  been  little  employed  of  late. 


GENERAL    REPORT  OF  THE  JUDGES  OF  GROUP   /.    27 1 

Afterwards,  according  to  the  statement  of  Commissioner  Holzberg, 
of  Kupferberg,  in  Lower  Silesia,  drum-sieves  were  introduced  at  the 
Freiberg  mines  in  1792 ;  but  after  a  few  years  were  again  rejected*  on 
account  of  their  impracticable  arrangements.  According  to  Stiitz, 
the  cylindrical  sorting-drums  were  invented  in  a  serviceable  form,  and 
brought  into  public  use,  ostensibly  by  Ursz,  master-carpenter  of  the 
works  at  Nagyag,  in  Transylvania,  in  the  beginning  of  the  nineteenth 
century.  This  sorting-drum  (Figure  12  C)  formed  the  continuation 
of  a  conical  cleansing-drum,  made  of  wooden  staves,  in  the  shape  of 
a  barrel,  with  inclined  axis,  and  consisting  of  four  cylindrical  wire 
sieves  of  successively  increasing  width  and  length,  and  decreasing 
mesh.  The  sorting  took  place  in  such  a  manner  that  the  first  sieve- 
division,  «,  carried  forward  the  coarser  sorts,  i,  2,  3. 4,  to  the  division  ^, 
and  only  let  the  finest  sort,  5,  pass  through  with  the  slime,  while  the 
coarser  sorts,  4,  3,  2,  with  increasing  size  of  grain,  fell  through  the 
next  sieves,  and  finally  the  coarsest  kind  of  grain,  I,  came  out  at  the 
end,  after  passing  over  sieve  d.  This  apparatus,  in  spite  of  its  aston- 
ishing result  in  working  up  810  centners  of  ore  in  12  hours,  received 
so  little  circulation  and  confidence  in  the  first  ten  years,  that  even 
Karsten,  as  late  as  183 1,  pronounced  its  working  incomplete,  and  the 
apparatus,  on  account  of  the  high  cost  of  maintenance,  of  little  advan- 
tage. After  the  grate-shaped  cleansing-drums,  working  in  water,  and 
serving,  at  the  same  time,  as  sorting-drums,  had  already  been  employed 
in  France,  the  drum-sieve,  soon  after  1840,  was  taken  up  again  at  the 
German  mines,  and,  as  it  appears,  so  improved  in  its  construction, 
especially  at  the  Friedrich  Mine,  near  Tarnowitz,  that  its  use  has 
spread  very  rapidly  since  that  tirfie. 

In  the  next  place,  the  sieves  and  drums  were  made  stationary,  and 
of  uniform  diameter  in  the  separate  sieve-divisions.  The  first  division 
was  arranged  with  so  wide  a  mesh  that  all  the  finer  stuff  was  imme- 
diately separated  from  the  coarser,  and  conducted  to  a  second,  finer 
mesh-drum,  which  was  lying  in  a  trough  filled  with  water.  In  the 
first  drum,  according  to  the  original  system,  a  series  of  sorts  was 
formed,  with  grains  increasing  in  size  from  0.5  to  3  centimetres,  and 
besides,  to  lighten  the  labor,  a  spray  of  water  was  introduced  into  the 
drum ;  in  the  second,  or  finer  drum,  was  sorted,  in  a  similar  manner, 
first,  the  tailings,  with  the  slime  and  sand,  and  then  the  finer  jigging 
grains  of  i.S  to  5  millimetres  diameter.  An  inconvenience  arose,  how- 
ever, from  the  fact  that  the  sieves  were  very  long,  and  that  the  coarsest 


*  Karsten,  System  der  Metallurgies  ii.,  p.  89,  and  Gatzschmann,  Aufbereitung,  i.,  p.  674, 
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grains,  which  caused  most  wear,  passed  over  the  finer  sieve-divisions 
through  the  whole  length  of  the  drum. 

Max  Braun,  the  well-known  former  chief  engineer  of  the  Altenberg 
Company,  sought  to  remedy  this  difficulty  by  his  combination,  con- 
centric, conical  drum-sieve  (Figure  12  D).  The  difficulty  with  this 
was,  that  the  diameter  of  the  outer  sieve  for  the  finer  grains  was  con- 
siderably larger  than  that  of  the  inner  sieve,  which  kept  back  the 
coarser  grains,  and  that  the  closeness  of  the  sizing  sufTered  from  this 
disproportion. 

At  the  ore-dressing  establishment  at  Angleur,  in  Belgium,  the  fol- 
lowing system  of  drum-sorting  has  been  used.*  At  the  top  of  a 
roof-like,  wooden  frame  lies  the  sorting-drum  C  (Figure  12  E),  as 
a  prolongation  of  the  conical  cleansing-drum  A.  To  these  are  at- 
tached, on  both  sides  of  the  roof,  close  under  each  other,  in  order 
each  set  of  three  drums,  C^,  C^,  C,,  and  Z^i,  Z?,,  D^.  The  drum  B  is 
provided  with  two  sieve-divisions  of  6  and  25  millimetres  mesh. 
The  grains  over  25  millimetres  thick  which  pass  over  go  to  the 
pickers.  The  two  sieve-divisions  give  two  sizes  of  grain, — the  fine- 
grain  stuff,  under  6  millimetres,  together  with  the  slimy  tailings,  and 
the  coarse  stuff,  between  6  and  25  millimetres  thick.  The  latter 
goes  to  drum-system  C,  the  former  to  drum-system  D,  Each  drum 
of  this  system  is  provided  with  two  sieve-divisions,  and  delivers  the 
finer  stuff  from  the  first  division  to  the  next  lower  drum  for  further 
sizing,  and  from  the  second  division  gives  two  completely  classified 
kinds  of  grains  in  the  order  shown  in  the  drawing.  As  the  size  of 
the  stuff  in  the  sorting-sieves  decreases,  its  quantity  proportionately 
diminishes.  It  follows,  therefore,  that  the  sorting  must  be  done  more 
carefully,  in  proportion,  as  it  becomes  more  difficult  by  reason  of  the 
decreasing  size  of  the  grains.  As  the  three  drums,  in  each  of  the 
two  systems,  Cand  Z>,  lie  under  each  other  in  a  parallel  inclined 
plane,  they  can  be  moved  by  two  inclined  driving-shafts  connected 
with  the  main  drum-shaft  A,  B,  by  means  of  conical  pulleys. 
With  this  arrangement  it  is  possible  to  adapt  the  diameter  of  the 
drums  and  the  length  of  sieve-divisions  to  the  coarser  grains  to  be 
separated  as  well  as  to  measure  the  quantity  of  stuff  to  be  sorted, 
and  to  employ  a  corresponding  velocity  of  revolution.  The  machinery 
is  complicated,  however,  from  the  number  of  driving-wheels  and 
drum-shafts.  The  drums  of  a  system,  placed  obliquely  over  and  near 
each  other,  require  considerable  height  and  breadth,  and  interrupt  the 
view  in  the  dressing-room.    Martin  Neuerburg  succeeded  in  overcom- 

*  A.  Henry,  Mimoire  sur  la  preparation  micanique,  Annales  des  Mines,  7e  s6r.,  1871, 
tome  xix.  p.  309. 
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ing  this  difficulty  by  a  simple  construction  of  drum  adapted  to  that 
end,  and  at  the  same  time  to  solve  the  hitherto  unsettled  question  of 
a  rational  sorting  of  grains  by  means  of  drum-sieves.  He  employed 
long  drums  with  any  number  of  sieve-divisions,  in  which  the  coarse- 
meshed  sieve  always  received  the  stuff  first.  The  sieve-divisions 
were  separated  by  ring-like  division  walls,  and  the  sieve  inclosed  all 
around  by  a  continuous  plate-metal  cover.  Several  short  pipes  are 
riveted  in  at  the  end  of  each  sieve-division  radially,  between  the 
sieve  and  the  cover,  which  let  the  coarser  stuff  that  remains  lying  on 
the  sieve  fall  out  of  the  drum,  as  finished  product.  The  siftings  are 
.scooped  up  at  the  end  of  each  sieve-division  and  thrown  over  the 
dividing  ring  into  the  next  division. 

If  a  coarse-meshed  drum  and  an  immersed  fine-meshed  one  are 
used,  a  height  of  a  few  metres  and  the  employment  of  only  two 
drum-shafts  are  sufficient  for  the  most  complete  automatic  sizing. 
Therefore  not  only  does  the  sizing  take  place  in  the  most  satisfactory 
manner  in  every  sieve-division,  but,  also,  the  whole  arrangement  of 
the  building  is  simplified,  and  the  exceedingly  troublesome  and 
expensive  complication  of  belts  and  pulleys  for  transmitting  motion, 
as  well  as  the  shafts  and  journal-boxes  of  most  modern  ore-dressing 
establishments,  is  simplified  in  a  satisfactory  manner. 

b,  Coal-Dressing, — The  screens  (Ratter),  seldom  employed  in  ore- 
dressing,  came  into  widely-extended  use,  with  the  magnificent  de- 
velopment of  coal-mining,  first  in  England,  then  in  Europe,  as  well 
as  at  the  anthracite  mines  of  Pennsylvania.  The  object  here  is  to 
sort  masses  of  large  pieces  into  a  few  sizes,  rather  than  to  carry  out  a 
minute  process,  as  in  ore-dressing.  Working  capacity,  durability,  and 
simplicity  have  therefore  been  chiefly  considered  in  coal-screening 
establishments.  As  a  rule,  as  many  iron  screens  (Stangelsiebe),  of 
increasing  width,  lie  under  one  another  on  a  long  inclined  slope  as 
there  are  sizes  to  be  made.  The  principal  contrivances  to  be  con- 
sidered in  this  connection  are  chiefly  those  for  raising  and  precipi- 
tating the  coal  automatically  as  it  comes  from  the  mine,  together 
with  those  for  receiving  and  loading  the  sorted  coal.  Such  arrange- 
ments are  especially  developed  in  Pennsylvania.  Briart's  screen  with 
rotating  bar-grates,  at  the  Mariemont  and  Bascoup  Mines,  in  Hainaut, 
may  be  called  a  decided  improvement.*  The  grating  of  the  screen  is 
slightly  inclined,  in  order  to  diminish  the  breaking  of  the  pieces  of 
coal,  and  is  composed  of  alternating  stationary  and  movable  iron 
bars.     The  movable  screen-bars  rest  on  an  iron  frame,  whose  lower 


*  Engineering,  January,  1873. 
18 
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end  is  borne  by  two  swinging  supports,  and  whose  upper  end  is 
moved  by  two  eccentrics  on  the  same  shaft.  In  this  way  the  movable 
screen-bars  are  above  the  stationary  ones  during  one-half  of  the  revo- 
lution, and  below  them  during  the  other.  By  revolution  is  meant 
that  the  movable  bars,  in  their  upper  position,  push  towards  the  lower 
end  of  the  screen.  The  coal  lying  on  the  screen  is  raised  intermit- 
tently, and  shoved  gently  downward,  while,  at  the  same  time,  the  finer 
stuff  has  a  chance  to  fall  through  the  screen,  without  being  carried 
along  by  the  coarser  pieces.  Aristide  Berard,  the  French  engineer,  a 
high  authority  in  coal-dressing  matters,  in  place  of  drums  for  sorting 
screenings,  preferred  a  percussion-screen,  arranged  in  a  similar  manner 
to  a  percussion-table,  with  several  perforated  iron  plates  of  decreasing 
mesh  fastened  in  a  frame  parallel  to  and  under  one  another.  The 
rebound  was,  besides,  diminished  by  the  use  of  rubber  buffers.  The 
thrust,  inclination,  and  velocity  must  be  in  proper  proportion.  Berard 
with  a  screen  of  this  kind,  1.25  metres  broad,  2  metres  long,  inclined 
in  the  ratio  of  1 :  10,  and  with  a  velocity  of  160-170  strokes  per  minute, 
obtained  a  very  good  sizing  of  15-18  tons  of  screenings  per  hour,  in 
three  sorts.*  With  a  smaller  velocity,  the  forward  movement  of  the 
mass  on  the  surface  of  the  sieve  diminishes  at  such  a  rate  that,  with 
about  100  strokes  per  minute,  it  would  cease  entirely.  As  only  a  few 
sorts  are  required  in  coal- dressing,  the  percussion-screens  are  all  the 
more  suitable;  because,  with  a  simpler  and  cheaper  arrangement,  they 
require  less  room  and  head  of  water  than  sorting-drums. 

Sorting-drums  are  generally  no  longer  used  for  the  separation  of 
coal,  and  even  for  the  sorting  of  the  smaller  coal  into  "  dice,*'  "  nut," 
"  range,"  and  "  screenings,"  are  used  only  where  these  are  to  be 
cleaned  for  use  in  coking. 

The  arrangement  of  the  drums  varies  little  in  construction  from 
the  sorting-drums  used  in  ore-dressing.  The  fewer  grades  required 
in  the  jigging  of  coal,  especially  of  the  smaller  sorts,  allows  a  decided 
simplification  of  the  disposition  of  the  drum  system ;  on  the  other 
hand,  as  a  rule,  the  great  volume  of  stuff  to  be  handled  in  coal- 
dressing  requires  a  large  diameter  of  drum.f 

Local  circumstances,  in  regard  to  the  quality  of  the  coal,  its  greater 
or  less  degree  of  hardness,  intermixture  with  friable,  foaming,  ashy 

*  Berard,  £puraiion  de  la  honilUt  Annates  des  Mines,  5e  s6r.,  1 856,  tome  ix.  pp.  147, 
157.     Plates  v.  and  VI. 

f  In  Germany  the  following  sorts  are  customary:  first,  lump-coal,  from  a  bar-screen  of 
90  millimetres  mesh ;  second,  cube-coal,  from  round-hole  sieves  of  60  millimetres  mesh ; 
third,  coarse  nut-coal,  from  30  millimetres  mesh,  round-hole  sieves ;  fourth,  fine  nut-coal, 
from  6  millimetres  mesh,  round-hole  sieves;  and  finally,  coal-dust. 
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brown-coal,  the  character  of  the  bituminous  and  clay  slates  which  lie 
over  and  under  the  coal  strata,  require  special  variations  in  the  dis- 
position of  the  sorting-machines.  The  extremely  hard  and,  in  itself, 
pure  anthracite  of  Pennsylvania  is  sometimes  intermixed  with  rather 
hard,  thin  strata  of  clay-slate.  In  breaking  up  the  coarser,  intermixed 
pieces,  the  layers  of  clay-slate  are  detached,  and  a  mixture  of  rounded 
fragments  of  anthracite  and  thin  pieces  of  slate  is  produced.  In 
order  to  separate  the  latter  mechanically  from  the  anthracite  during 
the  sizing,  the  stuff,  after  sorting  out  the  pieces  of  anthracite  of  about 
nut  size,  is  conducted  into  a  sorting-drum,  with  short  compartments 
extending  across  the  greater  diameter  of  the  drum,  and  these  are 
provided  with  long,  slit-like  sieve-holes  placed  at  right  angles  to 
the  axis  of  the  drum.  The  thin  pieces  of  slate,  in  falling  into  these 
wide  compartments,  stand  up  on  edge  and  slip  through  the  narrow 
slits  in  the  sieves,  while  the  rounded  pieces  of  anthracite  roll  over 
them. 

Where  the  coal  is  not  intermixed  with  ashy  parts,  but  sharply- 
separated  layers  of  bituminous  and  clay-slate  form  the  impurities  of 
the  screenings,  the  latter  are  generally  only  washed  without  being 
ground.  The  sorting  can  then  be  limited  to  the  separation  of  the 
picking-stuff.  The  earlier,  careful  sizing  has  of  late  been  considered 
unnecessary,  and  even  injudicious  in  such  cases ;  since  the  old  English 
method  of  bed-jigging  has  been  profitably  used  in  the  continuous 
process. 

If  the  coal  is  thoroughly  intermixed  with  thin,  ashy  layers,  then 
the  screenings  are  sorted  into  picking-stuff,  the  size  of  the  first 
into  nut-coal ;  and  into  coal-dust.  The  impure,  picked  pieces  and 
the  nut-coal  are  broken  up,  then  mixed  with  the  coal-dust  and 
brought  to  the  jigging  process. 

In  the  case  of  quite  brittle  coals  from  veins  with  firm  hanging-  and 
foot-walls,  as  the  Liege  and  English  caking-coals,  the  proportion  of 
ash  in  the  sifted  coal-dust  is  sometimes  less  than  in  the  nut-  and  egg- 
coals.  Only  the  latter  kinds  are  then  washed  clean,  and  afterwards 
mixed  with  the  unwashed  coal-dust. 

But  even  in  such  cases  as  the  first  mentioned,  the  attempt  to  wash 
the  very  fine,  slimy  coal-dust  has  been  abandoned  until  very  recently ; 
partly,  because  the  proper  apparatus  was  wanting  for  removing  the 
portion  rich  in  ash,  partly,  because  drying  it  was  too  intricate.  The 
very  finest  coal-slime  was  merely  caught  in  large  sumps,  and  then 
either  used  at  the  mine  for  heating  the  boiler,  or  thrown  away  as 
useless;  as  in  England  and  Pennsylvania,  and  very  often,  also,  in 
Upper  Silesia. 
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3.  Sorting  of  Fine  Stuff  by  means  of  a  Stream  of  Water. — 
.  The  arrangements  for  sorting  the  fine  sandy  and  slimy  mineral  pro- 
ducts no  longer  capable  of  classification  by  sieves,  and  the  grains 
which,  in  the  case  of  ores,  had  a  diameter  of  less  than  i  to  2  milli- 
metres, or  in  that  of  coal,  less  than  5  to  6  millimetres,  by  means  of  a 
stream  of  water,  have  already  been  thoroughly  discussed  in  the  the- 
oretical chapter.  The  sand  and  slime  troughs  and  sumps  formerly 
in  use  have  been  almost  universally  supplanted,  during  the  last  twenty 
years,  by  the  pointed-box  and  trough. 

The  cylindrical  apparatus,  with  an  upright  ascending  stream  of 
water,  which  at  that  time  came  more  into  use  for  sorting,  has  lately 
been  given  up  again,  on  account  of  its  large  consumption  of  water. 

The  pointed-trough  and  pointed-box  have,  however,  been  provided 
with  a  supply  of  clear  water  above  the  outlet,  and  the  principles  of 
the  horizontal  and  vertical  streams  of  water  have  been  combined  in 
such  a  manner  that  the  supply  of  clear  water  was  always  in  the  nar- 
row, lowest  part  of  the  wedge-shaped  trough,  or  pointed-box,  and,  by 
this  means,  only  a  little  clear  water  was  used.  The  amount  of  this 
water  was  so  regulated,  that  only  a  small  surplus  ascended,  to  hinder 
the  exit  of  the  finer  sands  and  slimes  through  the  narrow  outlet.  The 
coarser  sorted  sand,  suspended  in  clear  water,  was  then  carried  off 
through  this  opening.  At  the  same  time,  it  is  important  for  the  fur- 
ther continuous  concentration  process,  that  the  sand  carried  out  should 
form  a  thick,  liquid  slime,  suspended  in  as  little  water  as  possible. 

The  troublesome  heaping  up  of  fine  sand  in  the  pointed-box,  which 
was  held  back  by  the  ascending  stream  of  water  and  not  carried  for- 
ward by  the  horizontal  one,  was  obviated  simply  by  increasing  or 
diminishing  the  ascending  stream  of  water,  from  time  to  time,  or  by 
hastening  the  flow  at  the  outlet.  As  already  mentioned,  the  water- 
stream  apparatus,  besides  sizing,  concentrated  the  minerals  according 
to  their  specific  gravities.  Thus  they  formed,  in  a  certain  degree,  a 
transition  between  the  sorting-apparatus  and  the  concentrating  con- 
trivances, which  are  to  be  discussed  farther  on. 

Draining-  and  Purifying-Apparatus  for  Sands  and  Slimes. — In 
ore-dressing,  the  finest  slimes  which  flow  over  the  last  and  largest 
pointed-box,  contain  generally  so  small  a  quantity  of  ore-particles, 
that  a  further  dressing  no  longer  pays.  On  account  of  this  soiling 
of  the  current  of  water  it  is  seldom  allowed  to  escape,  but  is  con- 
ducted to  the  settling-pits,  or  reservoirs,  for  further  clearing.  In 
some  of  such  settling-places  there  is  maintained  an  intermittent  flow 
in  and  out,  so  that,  at  times,  the  slime  comes  to  a  stand-still ;  in 
others,  a  continuous-working  system  of  numerous,  shallow,  rectan- 
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gular  sumps  is  so  arranged  that  the  stream  of  slime,  divided  into 
several  branches,  goes  in  and  out  through  the  whole  breadth  of  the 
sump,  with  a  velocity  diminished  as  evenly  as  possible.  The  inlet 
and  outlet  canals  to  the  sumps  are  then  so  arranged  that  each  sump 
can  be  treated  separately  in  emptying  the  slime  deposited  in  it.  The 
.still  muddy  wash-water,  overflowing  from  the  settling  sumps,  is  gen- 
erally, to  avoid  trouble,  again  raised  and  conducted  back  to  the  dress- 
ing department. 

In  coal-dressing  the  finest  and  lightest  portion,  carried  away  with 
the  wash-water,  forms  a  valuable  material,  and  dressing  experts  have 
been  very  busy  with  the  collecting  and  drying  of  it,  especially  since  it 
has  been  found  that  even  the  very  fine  coal-slime  which  floats  in  the 
stream  of  water  can  be  separated  by  the  jigging  process  from  the  sand- 
particles,  which  are  rich  in  ash,  and  a  product  can  be  obtained  suffi- 
ciently poor  in  ash  for  making  coke.  Settling-sumps  dug  in  the  earth, 
and  alternately  filled  and  emptied,  were  more  commonly  used  for  this 
purpose  in  the  old  style  of  coal-washing  than  in  ore-dressing.  In  the 
newer  coal-washing  establishments  of  Germany  several  rectangular 
reservoirs  of  masonry,  in  rows  near  each  other,  were  so  arranged  on 
the  ground,  under  cover,  that  the  bottom  of  the  reservoir  should  lie 
on  a  level  with  the  railroad  leading  to  the  coke-ovens  or  to  the  load- 
ing-places, so  as  to  be  able,  as  quickly  and  as  easily  as  possible,  to 
load  and  carry  off*  in  cars  the  washed  and  dried  refuse  coal  stored 
in  the  reservoirs.  These  latter  are  for  this  purpose  open  on  the  de- 
livery-side to  admit  the  cars.  The  delivery-openings  are  closed  by 
wooden  planks  set  on  edge,  one  above  another,  and  held  in  place  by 
suitable  grooves  in  the  side-walls,  as  in  a  sluice.  The  masonry  reser- 
voirs are  provided  with  a  system  of  flooding-troughs  and  covered 
canals.  While  one  reservoir  is  filled  and  others  are  draining  some 
already  dry  are  emptied.  These  reservoirs  require  considerable  out- 
lay. They  are,  therefore,  generally  used  only  for  fine  coal-dust,  which 
cannot  be  held  back  and  dried  on  the  flat  inclined,  or  the  drum- 
shaped  sieves,  made  of  perforated  iron,  in  which  case  only  a  com- 
paratively small  portion  would  need  to  be  precipitated  in  the  drying 
reservoir. 

Herein  certain  practical  inconveniences  arise.  To  obtain  a  uni- 
form product  in  coking  or  agglomerating  the  washed  coal,  the  nut- 
coal,  prevented  by  sifting  from  precipitation  in  the  sumps,  must  be 
made  suflSciently  small,  and  again  mixed  with  the  coal-dust  taken 
from  the  sumps.  An  irregular  precipitation  of  the  granular  and  slimy 
particles  of  coal  takes  place  in  the  sump  itself.  The  coal -scum  accu- 
mulating  in    certain  places    is   especially  troublesome;    it   consists 


278  INTERNATIONAL  EXHIBITION,  1876, 

chiefly  of  lignite,  rich  in  ash,  and  consequently  gives  some  lots  of 
bad-looking,  poor  coke. 

Since  September,  1876,  a  coal-  and  slate-draining  apparatus,  pat- 
ented by  the  civil  engineers,  Riehn,  Meinicke,  and  Wolf,  at  Gorlitz, 
has  been  used  at  Pilsen,  in  Bohemia,  for  the  dressing  of  coal  for 
coking,  with  the  best  results,  and  the  difficult  question  of  coal-drain- 
age appears  to  be  solved  by  it  in  a  happy  manner.  The  apparatus 
resembles  a  continuous  jigger  in  arrangement.  The  drainage  takes 
place  on  a  hair  sieve,  with  a  mesh  0.25  millimetre  wide,  which  is 
protected  against  wear  by  a  strong,  wide-mesh  metal  webbing,  and 
both  are  fastened  to  a  wooden  frame.  These  sieve-frames  can  be 
changed  by  removing  them  sidewise  from  the  sifting-machines,  which 
are  provided  for  this  purpose,  with  special,  easily-closed  slit-openings. 
The  coal-dust  to  be  dried  is  conducted  to  the  apparatus,  in  a  trough, 
in  the  condition  of  a  thin  liquid  slime.  After  drying,  the  coal-dust 
falls  continuously,  either  directly  into  a  forwarding  car  or  into  the 
hopper  of  a  grinding-mill.  The  water  from  the  coal-slime  on  the 
sieves  flows  off  continuously  through  several  narrow  pipes  placed  in 
the  bottom  of  the  sieve-box.  The  out-flow  is  regulated  by  opening 
or  shutting  single  pipes. 

Such  an  apparatus,  occupying  a  space  only  2  metres  wide  by  4 
metres  long,  needs  3  horse-power  to  drive  it,  and  dries  10  tons  of  coal- 
grit  per  hour,  so  that  it  can  be  unloaded  directly  into  the  coke-ovens. 

The  loss  of  slime-coal  in  the  water  passing  through  the  fine  mesh 
of  the  hair  sieve  is  very  small.  The  hair  sieves  need  to  be  changed 
very  seldom,  and  often  last  several  months  *  The  total  cost  of  grease 
and  sieves  is  said  to  be  only  0.6  mark  per  100  tons. 

The  total  cost  of  drying  appears,  accordingly,  so  insignificant  that 
it  exerts  scarcely  any  influence  on  the  price  of  the  product.f  In  Pil- 
sen it  has  been  customary  for  some  time  for  the  coal  washed  upon 
the  coarse  jigs,  after  being  ground  fine  on  a  disintegrator  (Schleuder- 

*  As  the  holders  of  the  patent  are  about  to  obtain  a  patent  right  for  the  United  States  of 
America,  the  author  must  at  present  refrain  from  making  public,  in  this  place,  the  drawings 
and  description  of  details,  freely  and  voluntarily  given  him  by  the  inventor. 

f  The  Belgian  department  of  the  Paris  Exposition  of  1867  contained  a  centrifugal  ma- 
chine by  Prosper  Kanzer,  under  the  name  "  Essoreuse,"  with  a  continuous  feed  and  dis- 
charge, which  was  said  to  dry  5  tons  of  coal-dust  per  hour,  and  which  had  a  diameter  of 
80  centimetres  and  a  velocity  of  300  revolutions  per  minute.  The  use  of  this  principle 
appears,  however,  not  to  have  advanced  beyond  the  experimental  stage. 

The  centrifugal  machines  used  for  drying  sugar,  and  in  isolated  cases  for  salt,  do  not 
work  continuously.  In  drying  fine-grained  salt  by  means  of  centrifugal  machines,  the  co5t 
per  ton  (1000  kilogrammes)  of  dried  salt  is  about  2  marks, — a  price  too  high  for  a  product 
of  such  low  value  as  coal. 
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miihle),  to  be  carried  by  a  strong  stream  of  water  to  the  draining-  and 
drying-apparatus.  The  washed  and  dried  coal  is  elevated  into  a  mod- 
erately large  storage-tower,  divided  into  several  compartments,  which 
is  recommended,  in  order  to  keep  it  from  being  disturbed  by  the 
continuous  process  going  on  in  the  works. 

VI.  CONCENTRATORS. 

I.  Hydraulic  Jiggers. — The  jigger,  in  its  original  form,  consisted 
of  a  wide-meshed  wire  sieve,  furnished  with  two  handles,  and  this, 
when  filled  with  a  supply  of  unsorted  mineral  grains,  was  dipped  into 
a  tub  filled  with  water  and  shaken  by  hand,  partly  with  a  revolving, 
partly  with  an  up-and-down  motion.  To  empty  the  sieve,  it  was 
hung  up  by  handles,  with  cords  or  small  chains,  to  a  long,  wooden 
balance-pole  fastened  at  its  thick  end.  In  the  Sardinian  lead  and  zinc 
mines  similar  jigs  are  still  in  use  in  competition  with  completely- 
arranged  modern  jigs.  The  motion  mentioned  is  produced  by  the 
workman  drawing  together  the  two  cords  on  which  the  sieve  hangs, 
and  then  letting  them  go,  so  that  they  give  a  twisting  and  an  up-and- 
down  rocking  motion  to  the  sieve.* 

In  the  English  jig,  the  oblong  sieve-frame,  about  45  centimetres 
broad  by  85  centimetres  long,  is  provided  with  a  woven  sieve-bottom, 
and  is  suspended,  by  means  of  two  lateral,  adjustable  iron  stirrups 
and  hanging-bars,  to  two  short  arms  of  a  strong,  horizontal  wooden 
shaft  above  it,  provided  with  a  long  spring-beam,  and  it  moves  in  a 
spacious  wooden  cistern,  which  can  hold  several  tons  of  fine  ore. 
Motion  is  given  to  the  sieve,  after  immersion  in  the  water,  by  a  boy, 
called  a  "jigger,"  who  hangs  with  outstretched  arms  at  the  end  of 
the  long  lever,  and  springs  up  and  down  on  his  toes. 

A  strong  workman,  with  shovel  and  tray,  does  the  filling  and  re- 
moving of  the  jigging-stuff.  The  gradual  concentration  which  goes  on 
by  repeated  operations  upon  a  granular  bed  of  ore  spread  out  on  the 
sieve,  and  in  which,  at  the  same  time,  the  coarser  mineral  grains  are 
sifted  from  the  finer  granular  ore,  has  been  thoroughly  discussed  in 
the  theoretical  section.  The  advantages,  there  shown,  of  this  treat- 
ment, in  comparison  with  the  earlier  German  methods  of  jigging,  find 
confirmation  in  the  careful  comparative  experiments  carried  out  at 
the  Breinigerberg  Mine,  near  Aix-la-Chapelle,  which  Habets  gives  in 
his  above-mentioned  report  upon  the  Exposition  at  Paris,  in  1867. 
According  to  him,  weU*authenticated  docimastic  assays  showed  that 
the  losses  in  ore-dressing  by  the  English  and  German  methods  were 

*  A.  Habets,  Preparation  micaniquef  p.  630. 
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as  follows:  in  zinc  4.03  as  opposed  to  9.91  per  cent.;  in  lead  5.81  to 
30.54  per  cent.;  in  silver  27.85  to  40.17  per  cent.;  and,  generally,  in 
dry  weight,  7.5  against  14.40  per  cent. ;  while  the  total  loss  of  dressed 
products,  in  comparison  with  the  raw  ore,  was :  in  zinc  43.20  to  43.45 
per  cent;  in  lead  33.61  to  56.66  per  cent;  in  silver  61.65  to  71.63 
per  cent;  and  in  dry  weight  56.98  to  63.14  per  cent  The  cost  of 
dressing  is  pretty  much  the  same  by  both  methods.* 

In  ore-dressing  in  Germany  and  in  Austrian  Hungary,  they  try  to 
avoid  the  repeated  operations  occurring  in  the  process  of  jigging  into 
the  lower  tub  by  means  of  a  previous  sizing  of  the  jigging-stuff,  and 
by  the  strongest  possible  effect  of  the  water-thrust  upon  narrow- 
meshed  sieves. 

In  the  effort  to  employ  the  cheap  labor  of  children  or  women  for 
the  separation  of  the  layers  concentrated  on  the  sieve  according  to 
specific  gravity,  they  have,  since  the  end  of  the  previous  century, 
attempted  to  effect  the  thrust  in  the  jigging  process  by  machinery, 
without,  however,  with  the  clumsy  construction  used,  attaining  any 
important  advantage  over  hand-motion  with  the  lever. 

The  stationary  jig,  with  laterally  applied  hydraulic  piston,  as  dis- 
tinguished from  the  percussion  or  hydraulic  jigger,  was  first  used, 
according  to  Gatzschmann,  in  1828,  by  Tutscnack,  mine  superinten- 
dent at  Arany  Idka,  near  Schmolnitz,  in  Hungary.  A  little  later,  in 
1832,  similar  experiments  were  made  by  Petherick  at  the  Cornish 
mines,  and  in  1833  by  A.  Berard,  at  the  mines  de  rargentiere  (Hautes 
Alpes),  which  were  imitated  no  further,  but  at  the  last  place  were 
attended  with  favorable  results,  without  any  knowledge  of  the  Hun- 
garian experiments.  The  arrangements  were  at  that  time  defective, 
and  therefore  the  success  of  the  invention  was  for  a  long  time  doubt- 
ful, even  in  the  experiments  which  were  begun,  about  1838,  at  the 
Saxon  mines,  at  Freiberg,  and  at  the  Upper  Hartz  mines,  at  Andreas- 
berg.  Berard,  whose  name  is  so  closely  connected  with  the  further 
perfection  of  the  jig,  designated  Dr.  von  Carnall,  then  a  mining  cap- 
tain but  afterwards  superintendent,  as  the  real  inventor  of  the  hy- 
draulic jigger;  because  he  succeeded,  in  the  year  1840,  in  bringing 
it  into  permanent  use  by  an  efficient  arrangement  at  the  lead  mine, 
Friedrich,  near  Tarnowitz. 

In  the  Carnall  jig,  a  piston  moved  by  hand  worked  alternately  upon 
two  sieves.  According  to  Berard,  a  similar  jig  was  soon  afterwards 
introduced  into  the  lead  mine  at  Poullaouen,  in  Brittany.f 

*  A.  Habets,  Priparation  tnicanique^  p.  628. 

f  Aristide  B^rad,  Mpuration  de  la  honille,  Annaies  ties  Mines ^  40  s^r.,  1856,  tome  ix.  p. 
150. 
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The  efficient  arrangements  introduced  by  Carnall  into  ore-dressing 
in  Upper  Silesia,  as  well  as  into  the  extensive  zinc-washer,  constructed 
in  accordance  with  his  plans,  at  the  Altenberg  Mine,  near  Aix-la- 
Chapelle,  and  which,  to  its  advantage,  attracted  the  attention  of  other 
foreign  authors*  also,  on  account  of  its  saving  of  wages,  caused  a 
rapidly-spread  use  of  the  hydraulic  jig  from  that  time.  The  first 
successful  and  permanent  use  of  this  machine  for  coal-dressing  was 
at  the  mines  at  Potschappel,  near  Dresden,  in  the  same  year,  1840. 

The  hydraulic  jigs  had  frames  nearly  square  set  in  them,  about 
0.25  to  0.33  square-metre  in  size,  in  which,  generally,  narrow  wire- 
rod  screens  were  held  between  strong  cross-pieces.  This  form  was 
used,  except  in  England,  even  in  the  percussion-jig,  by  letting  the 
sieve-frame  work  like  a  piston  in  a  narrow,  inclosed  box. 

To  prevent  the  uneven  working  of  the  water  upon  the  surface  of 
the  sieve,  the  piston  in  these  machines  was  placed  vertically  under 
the  sieve,  and  the  spaces  above  and  below  were  united  by  lateral 
canals,  to  diminish  the  disadvantageous  back-flow  of  the  water  through 
the  sieve-holes.  Finally,  the  piston-jigs  were  provided  with  suction- 
and  force-valves;  the  former  of  which  led  from  the  space  over  the 
sieve  to  the  piston-chamber;  the  latter  from  there  to  the  water- 
chamber  under  the  sieve.  This  system,  especially  recommended  by 
Rittinger,  was  used  by  him,  and  later  by  Dr.  M.  F.  Stapff,  in  Sweden, 
in  hydraulic  machines  with  under-pistons,  to  which  the  force-valve 
was  then  applied.f 

Recently  a  double  jig,  invented  by  Kasalowsky,  has  been  much 
used.  In  it  the  piston  moves  horizontally  in  a  rectangular  opening 
in  the  partition-wall,  which  divides  the  two  jig-boxes;  while  one  end 
of  the  piston-rod,  carried  outside  through  a  stuffing-box,  is  coupled 
to  the  driving-shaft,  the  other  goes  straight  into  the  opposite  side  of 
the  box. 

All  these  various,  somewhat  costly,  and  complicated  contrivances 
for  ore-dressing  scarcely  produced  a  further  advance  in  the  jigging 
process  worthy  of  notice. 

The  hydraulic  jigger  first  obtained  importance  in  ore-dressing  by 
means  of  a  continuous  jiggifig process,  while  mechanical  contrivances 
were  used  to  constantly  carry  into  different  receptacles  the  mineral 
grains,  separated  upon  the  sieve  in  layers  by  specific  gravity,  without 
interrupting  the  jigging  process,  or  at  all  disturbing  the  separation 


*  Achille  Delasse,  De  la  calamine  et  de  lagaline  dans  la  haute  Silisie,  Annales  des  Minesp 
46  s6r.,  1843,  tome  iv.  p.  377. 

t  R.  W.  Raymond,  Mining  Staiistics,  1873,  p.  434, 
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of  the  layers  already  completed,  as  happens  in  the  ordinary  jigging 
process  in  removing  the  layers  by  hand. 

The  great  merit  of  this  improvement  is  due  to  M.  Aristide  Berard, 
previously  mentioned,*  who,  in  the  year  1848,  used  the  continuous 
removal  in  his  hydraulic  jig  for  washing  coal,  which  was  also  dis- 
tinguished for  its  excellent  construction.  The  success  of  his  model 
coal-washing  apparatus  was  so  decided  that  it  spread  rapidly  from 
Anzin,  in  France,  over  Belgium,  Germany,  and  Great  Britain,  and 
experiments  were  made,  in  the  same  direction,  in  ore-dressing,  by 
Vogl,  smelting-master  at  Joachim stal,  in  Bohemia,  in  1849,  and  by 
Fritz  Wimmer,  in  the  Hartz  Mountains,  in  i8so.t 

The  whole  apparatus  is  lightly  and  durably  made  of  cast-  and 
wrought-iron,  of  the  proper  proportions  for  the  cheap  working  up  of 
material.  The  round  jig-piston  works  in  a  bored  cylinder,  while  the 
pipe  for  supplying  the  clear  water  opens  under  the  piston ;  so  that 
the  set-back  of  the  water  upon  the  sieve  is  diminished  by  the  inward 
stroke  of  the  piston  during  the  suction,  and  the  slime  is  kept  as  far 
as  possible  from  the  piston.  The  flow  of  the  water  from  the  pipe  is 
hindered,  in  the  descent  of  the  piston,  by  the  increased  pressure 
under  it.  The  same  success  is  obtained,  in  this  simple  way,  without 
valves,  as  in  Rittinger's  and  Stapff's  jig-pump  (Setzpumpe)  with 
suction-  and  force-valves.  The  box  under  the  jig-sieve  is  so  formed 
as  to  distribute  the  hydraulic  thrust  properly  on  the  sieve,  as  well  as 
to  catch  the  fine,  specifically-heavier  stuff  (Fassvorrath)  in  a  hollow  in 
the  bottom,  and  to  let  it  off,  from  time  to  time,  through  an  opening. 
The  coarser  *'  deads,**  which  collect  on  the  sieve,  are  carried  away 
continuously,  with  a  comparatively  small  quantity  of  water,  by  a 
simple,  easily-accessible  and  regulated  contrivance,  which  is  a  model 
to  this  day.  The  upper  lighter  layer  is,  at  the  same  time,  held  back 
by  a  stopping-bar,  which  reaches  across  the  sieve  and  is  raised  some- 
what from  the  bottom;  while  the  specifically-heavier  stuff  of  the 
lowest  layer,  passing  under  the  bar,  must  rise  behind  it,  over  a  low 
wall  which  stands  on  the  bottom  and  has  a  horizontal  overfall  edge, 
before  it  can  reach  the  outlet  pipe.  The  coal,  previously  sorted  into 
three  or  four  sizes  upon  a  narrow  percussion-screen,  enters  the  jig  in 
a  strong  stream  of  water,  immediately  behind  the  stopping-bar. 

The  removal  of  the  specifically-light  coal  forming  the  upper  layer 


*  Birard,  Annales  des  Mines,  5e  s^r.,  1856,  tome  ix.  p.  150.  The  excellent  drawings, 
Plates  v.,  VI.,  and  VII.,  attached,  give  all  the  details  of  construction. 

f  At  that  lime  director  of  the  Rammelsberg  Mine,  near  Goslar,  and  associate  editor  of 
tlie  Ber^  und  H'uUenmSnnische  Zeitung.  Professor  Gatzschmann,  in  his  text-book  (ii.  p. 
95),  confuses  him  with  an  inspector  of  stamping  of  the  same  name. 
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on  the  sieve,  takes  place  at  the  other  end,  over  the  edge  of  the  jig- 
box,  made  somewhat  lower  at  that  point,  so  that  the  water,  over- 
flowing at  each  lift,  carries  the  pieces  of  coal  with  it. 

Then  follows  the  drying  of  the  wet  coal  in  various  ways,  according 
to  the  quantity  of  the  coal-slime,  either  simply  by  passing  it  over  a 
finely-perforated  metal  plate,  slightly  curved  downward,  directly  into 
the  forwarding  car,  or  into  a  discharge-box  made  expressly  for  puri- 
fying the  coal-slime,  out  of  which  the  water  is  drawn  off  through  a 
siphon-shaped  slit  at  one  end,  and,  at  the  other,  the  coal  is  carried 
over  the  edge,  somewhat  raised  at  that  point,  by  a  flat,  broad 
elevator,  and  thereby  dried  at  the  same  time. 

Berard's  arrangement  for  moving  the  piston,  even  to  this  day, 
remains  the  model,  and  so  much  so,  that  it  has  been  returned  to 
again  after  many  and  long-continued  trials  of  differing  systems. 
This  suspension  of  the  piston-rod  to  a  shaft  with  a  short  crank,  which 
works  in  a  similar  manner  to  the  complicated  eccentric  motion  so 
prevalent  at  the  present  time,  seems  very  simple.  By  this  means 
Berard  got  about  100  short  lifts  per  minute.  His  application  of 
Fairbairn's  crank-slide  link*  is  more  complicated,  yet  for  the  prepa- 
ration of  coarse-grained  jigging-stuff  is  more  efficient  This  trans- 
mission of  a  crank  motion  by  means  of  a  movable  slide-block  in  a 
slot  to  the  short  arm  of  the  link  connected  with  the  piston  gives 
almost  double  the  velocity  for  the  down-stroke  that  it  does  for  the 
up-stroke. 

Berard  found  that  he  obtained  the  same  effect  with  75  strokes  of 
the  crank-slide  as  with  100  strokes  of  the  common  crank.  He 
further  recommends,  in  this  case,  making  the  connection  of  the 
piston  with  the  piston-rod  elastic  by  means  of  india-rubber  disks  laid 
between  them  above  and  below,  in  order  to  lessen  the  too  heavy 
shock  of  the  piston  on  the  water-column  in  the  rapid  descent.  This 
hint  deserves  especial  attention  on  account  of  the  quite  rapid  wear 
of  the  Fairbairn  link. 

At  the  ore-dressing  establishment  of  the  Pfingstwiese  Mine,  near 
Ems,  on  the  Lahn,  Province  of  Hesse-Nassau,  the  principle,  carried 
out  for  sixty  years,  of  a  slow  ascent  and  rapid  descent  of  the  jig- 


*  This  mechanism  was  introduced  into  Germany  for  the  dressing  of  ore  at  the  Alten- 
berg  Zinc  Mine,  near  Aix-Ia-Chapelle,  by  the  well-known  civil  engineer  Carl  Kley,  of 
Bonn,  and  is  therefore  generally  called  Kley's  crank-slide.  In  France  it  has  received 
a  still  further  development  from  Huet  &  Geyler,  of  Paris,  so  that  the  link  is  placed  not  in 
the  same  position  as  the  piston-rod  lever,  but  at  a  decided  angle  to  it,  in  order  to  produce 
a  pause  after  the  rapid  descent  of  the  piston. — A.  Habets,  Priparation  micaniquet  p.  592 
and  Plate  VIII. 
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Fig.  13. 


LEVER  CONNECTION  FOR  JIG. 


piston  with  a  uniform  revolution  of  the  transmission  shaft  by  means 
of  the  lever  connection,  shown  in  Figure  13,  has  also  been  used  else- 
where with  great  success,  on  ac- 
count of  its  greater  simplicity  and 
durability. 

A  similar  mechanism  has  been 
;  brought  into  use  by  Detombaij  and 
'      Scheuren  in  their  jig.* 

Berard  gave  to  the  cylindrical  piston 
a  diameter  of  60  centimetres  or  0.2827 
square  metres  surface,  to  the  jig-sieves 
1.6  square  metres,  therefore  a  greater 
surface  in  the  proportion  of  i  15.66; 
he,    consequently,    obtained    with    a 
piston-stroke  of  10  centimetres  a  lift 
of  1.76  centimetres  above  the  sieve. 
A  Berard  coal- washer — consisting  of  three  jigs  side  by  side,  with 
the  accompanying  roll-crusher,  elevator,  sorting-screens,  and  a  pump 
for  raising  the  water  again — requires  an  engine  of  about  10  horse- 
power, and  washes  150  tons  of  coal  in  10  hours. 

Upon  this  hypothesis  Berard  (in  another  place)  reckons  the  total 
cost  of  washing  from  0.28  to  at  most  0.50  francs  per  ton,  and  the 
yearly  profit  of  such  an  establishment,  in  comparison  with  the  primi- 
tive washing  by  hand  formerly  in  general  use,  at  from  86,000  to 
93,000  francs  a  year.  In  estimating  Berard's  services  as  founder 
of  a  rational  process  of  dressing  coal,  it  must  not  be  forgotten 
that  the  use  of  coke  for  the  production  of  the  best  pig-iron  depends 
upon  the  diminution  of  the  large  percentage  of  ash  in  coal,  which 
was  first  rendered  possible  by  means  of  cheap  coal-washing;  also 
that,  in  France,  for  instance,  the  successful  competition  of  the  native 
coal  with  the  Welsh  coal  for  marine  purposes  is  made  possible  solely 
through  careful  dressing  and  agglomeration. 

The  difficult  problem  of  both  cleaning  and  drying  the  very  fine  coal- 
dust,  often  occurring  as  tough  slime,  and  largely  mixed  with  sand  and 
clay,  has  only  very  recently  been  solved  in  a  satisfactory  manner. 

The  new  coal-jigs  for  coarse-grained  stuff,  made  by  Meynier, 
Rexroth,  Sievers  &  Co.,  Huet  &  Geyler,  and  others,  do  not  appear  to 
excel  the  older  one  of  Berard  in  the  general  arrangement,  nor  in  the 
details  of  construction,  nor  in  execution. f 


*  A.  Habcts,  Preparation  nUcanique,  p.  593,  Plate  VIII.,  Figures  8  and  9. 
t  M.  A.  Pernolet,    Notes   sur  la   priparation   micanique  et  la   carbonisation  de    la 
houille^Ann,  dcs Mines^l^  s6r.,  1872,  tome  ii.  p.  115;  A.  Habets,  Priparation  micanique. 


GENERAL    REPORT  OF  THE    JUDGES  OF  GROUP  L         285 


CONTINUOUS-JIGS  FOR  FINE-   AND  COARSE-GRAINED  ORES. 
« 

While  in  coal-dressing  the  continuous-jig  for  coarse-grained  stuff 
effected  only  a  separation  into  two  sorts,  clean-washed  coal  and  waste, 
in  ore-dressing,  on  the  contrary,  the  effort  has  been  to  obtain  with 
such  machines — varying  with  the  nature  of  the  ore  to  be  treated — 
several  other  sorts,  between  the  barren  waste  and  the  pure  ore,  which 
is  specifically  the  heaviest,  either  in '  order  to  reduce  these  middle 
products  still  further,  especially  through  separation  by  stamping  or 
rolling,  or  that  the  specifically  lighter  ores,  such  as  blende  and  iron 
pyrites,  may  be  separated  directly. 

The  first  continuously-working  machines  of  Vogt  and  Fritz  Wim- 
mer,  above  mentioned,  had,  according  to  Gatzschmann,  movable  jig- 
sieves  in  a  jig-box.  The  complicated  delivery  contrivances  of  Vogt 
seemed  to  have  hindered  the  introduction  of  the  delivery  of  several 
sorts  on  the  same  sieve  which  was  tried  by  him.  The  experiments 
made  by  Rittinger,  at  Przibram,  in  the  year  185 1,  to  solve  the 
problem  by  means  of  a  jig-sieve  moved  in  a  horizontal  direction  by 
blows  (the  percussion-jig),  were  not  satisfactory. 

At  the  same  time,  F.  Wimmer,  at  Clausthal,  as  the  author  re- 
members from  personal  inspection,  adopted  the  principle,  which  is 
the  standard  to-day,  of  placing  several  piston-jigs  one  behind  another, 
separated  from  each  other  by  low  overfall  division  walls,  and  of 
carrying  off  the  specifically  heavier  kinds  of  ore,  which  settle  upon 
the  bottom  of  each  sieve,  through  special  pipes,  provided  with 
ring-shaped  sluice-boards,  at  their  upper  outlets,  but  removing  the 
"  deads"  over  a  notched  edge  at  the  end  of  the  last  jig. 

The  delivery  through  ring-sluices,  acting  like  siphons,  coincides  in 
principle  with  Berard's  jig-sieve. 

The  experiments  continued  at  the  Hiilfe-Gottes  and  Bergwerk- 
wohlfahrt  Mines,  in  the  Hartz,  had  still  many  difficulties  to  overcome, 
so  that  the  first  Clausthal  coarse-grain  jig  that  actually  worked 
automatically  came  into  use  in  1 861,  at  the  Dorothea  ore-dressing 
establishment.* 

At  the  Silberau  Mine,  near  Ems,t  they  have  supplied  the  place  of 
the  downcast  discharge-pipe  with  the  ring-sluice  by  a  narrow  pipe 
first  led  upward  from  the  jig-box  and  over  the  edge,  and  then  bent 


*  Gfttzschmann,  Die  Aufbereitung^  p.  112;  Berg-  und  HUttentnannische  Zeiiung^  ^853, 
pp.  643,  649;  1874,  p.  400;  R.  W.  Raymond,  Statistics  of  Mines  and  Alining,  1873,  p.  439' 

t  Revue  unvverselle  des  Mines,  1866,  tome  xx.  p.  28,  and  Habets,  Preparation 
viicanique,  p.  595. 
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downward,  and  provided  with  two  cocks,  in  order  to  be  able  to  regu- 
late the  discharge  at  will  and  use  as  little  water  as  possible. 

At  the  Bleiberg-es-Montzen  Mine,  in  Belgium,  they  lay  several 
slit-shaped,  siphon-like  outlet-canals  in  steps,  one  behind  another,  at 
the  end  of  the  jig-sieve,*  in  order  to  obtain  besides  the  deads  two 
other  concentrated  middle  products  which  need  still  further  dressing. 

The  complete  solution  of  the  difficulties  of  continuous-jigging, 
and  at  the  same  time  the  most  important  advance  in  dressing  the 
fine,  sand-like  stuff,  hitherto  so  expensive  and  entailing  the  greatest 
loss  of  ore,  was  attained  by  the  use  of  the  English  bed-jigging  pro- 
cess with  the  continuous-jig,  at  Clausthal,  in  the  Hartz,  and  was  event 
used  for  the  before-mentioned  sands,  which  hitherto  had  been  treated 
in  slime-pits,  on  round-buddies  and  percussion-tables.  A  complete 
revolution  in  ore  dressing,  thus  rendered  possible,  has  since  been 
brought  about  through  the  almost  entire  rejection  in  many  ore- 
dressing  processes  of  the  slow,  costly,  and  wasteful  buddle-washing, 
and  at  the  same  time  a  simpler  and  more  effective  apparatus  has  been 
obtained  for  the  dressing  of  fine  coal-dust.  The  discharge  into  the 
under-tub  through  a  bed  of  ore-grains,  spread  out  on  a  wide-meshed 
but  stationary  sieve,  can  now  take  place  continuously  with  each 
stroke  of  the  piston,  in  the  simplest  manner,  without  loss  of  water, 
exactly  as  in  the  old  English  tossing-keeve.  The  number  of  jigs 
together  in  a  row  permits  the  successive  delivery  of  an  equal  number 
of  grain-sorts  of  progressively  diminishing  specific  gravity.  The 
material  proceeds  from  one  sieve  to  another  over  a  very  low  overfall 
partition  without  hindering  the  depositing  in  layers,  according  to 
specific  gravity,  which  is  effected  by  passing  over  the  surface  of  the 
first  sieve.  The  deads  carried  over  the  edge  of  the  last  sieve  can 
take  with  them  into  the  waste  only  a  very  small  portion  of  ore,  in 
the  form  of  very  fine  scales  floating  in  water.  It  is  still  possible  to 
retain  a  considerable  portion  of  these  finest  ore-particles  upon  plane- 
tables  over  which  the  tailings  are  led.f 

Through  the  previous  careful  sorting  of  the  jigging-stuff,  according 
to  size  of  grain,  by  means  of  sorting-sieves,  and  for  the  finest  stuff, 
by  means  of  slime-separators,  pointed  troughs,  or  the  so-called 
"  classificators,"  a  definite  quantity  of  ore  can  be  fed  to  each  sieve 
system,  and  the  proper  height  of  lift  and  velocity  of  piston-stroke  be 
given  to  each  system.     By  diminishing  the  height  of  lift  to  a  few 

*  A.  Habets,  Preparation  mUaniqui^  p.  600. 

f  Even  where  it  does  not  pay  to  save  these  finest  ore-particles,  such  a  passing  of  the 
tailings  over  plane-tables  is  recommended,  in  order  to  have  a  check  upon  the  jigging 
process. 
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millimetres,  and  increasing  the  number  of  strokes  to  about  150  per 
minute,  it  is  still  possible  to  manipulate  satisfactorily  meal  as  fine  as 
0.5  millimetres. 

The  jig-box  contains,  under  the  piston  and  sieve,  a  separate  space, 
either  pointed  on  the  bottom  or,  better  still,  cask-shaped  for  each 
division,  and  the  deepest  point  lies  directly  under  the  partition-wall 
between  the  sieve  and  piston  frames. 

A  vertical  draw- rod  going  to  the  deepest  point  of  the  jig-box  and 
provided  with  a  hand-lever,  can  therefore  be  placed  in  this  partition- 
wall  ;  and  a  cast-iron,  conically-turned  stopper  at  its  lower  end  fits 
tight  into  a  turned,  cast-iron  discharge-pipe,  in  order,  from  time  to 
time,  to  quickly  let  off  the  concentrated  stuff  into  a  storage-box 
placed  under  the  partition,  without  disturbing  the  jigging  process. 

In  this  way  the  greatest  simplicity  in  construction  and  manage- 
ment is  combined  with  a  reasonable  mode  of  operation,  and  the 
earlier  deficiencies  of  the  German  jigging  process  have  been  removed 
by  the  adoption  of  the  efficient  fundamental  principle  of  the  English 
practice,  without  being  subject  to  the  evils  of  the  latter,  arising  from 
hand-labor  and  frequent  repetition  of  processes. 

At  the  Paris  Exposition  of  1867,  where  were  exhibited  the  plans 
of  the  very  large,  new,  central  dressing- works  at  Clausthal,  in  which 
these  leading  principles  have  been  realized,  a  favorable  opportunity 
was  afforded  to  spread  abroad,  and  make  known  in  the  most  distant 
mining  circles,  the  new  automatic  jigging  process  applied  to  fine 
grains. 

The  drawings  of  the  Hartz  continuous-jig,  there  exhibited,  are 
described  in  the  often-quoted,  excellent  work  of  M.  A.  Habets  (page 
625  and  Plate  X.),  with  a  construction  not  since  improved,  except  in 
unimportant  details.*  The  movement  of  the  jig-piston,  with  a  large 
number  of  strokes  and  a  small  lift,  is  produced  in  an  effective  manner 
by  eccentric  cams,  hanging  in  common  on  a  horizontal  driving-shaft 
lying  above  the  piston-boxes,  which  are  placed  in  a  row  near  each 
other. 

In  order  to  be  able  to  regulate  the  height  of  lift,  the  eccentricity 
of  the  cam  is  made  adjustable.  In  this  way,  a  decreasing  height  of 
lift  can  be  given  to  the  jig-pistons  from  the  first  to  the  last  sieve  of 
the  jigging-machine.  Tn  order  to  make  the  uplifting  of  the  material 
more  forcible  than  its  fall,  the  introduction  of  the  water  necessary  is 

*  The  jigs  constructed  there  are  shown  in  Kutscher's  article  on  Die  neue  Aufbereitungs- 
anstalt  8t4  C/ausfAa/,  in  the  Zeiischrift  fur  das  Berg- ^  Hutten-yUnd  Salinenivcsen^  etc, ^ 
1873,  vol.  xxi.  p.  85;  also  described  by  Riehn  in  Engineerings  1876,  vol.  xxi.  pp.  35,  64, 
102,  167,  210,  249,  303,  356. 
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made  in  a  suitable  manner  through  pipes,  which  empty  into  the  space 
under  the  jig-piston  and  jig-sieves. 

The  use  of  jig-boxes  of  sheet-  and  cast-iron,  introduced  by  Berard 
into  France,  Belgium,  and  Great  Britain,  and  spread  throughout 
Germany  by  the  Humboldt  Company  (formerly  Sievers  &  Co.),  has 
since  been  found  less  suitable  for  the  continuous-working  jig. 

The  employment  of  the  long,  wooden  jig-box,  divided  into  separate 
compartments  by  partitions  and  held  together  by  bolts,  has  been 
returned  to  in  preference  to  the  iron  one,  which  rusts  away  rapidly. 
In  Germany  the  under  portion  of  the  jig-box  is  often  made  barrel- 
shaped,  and  is  kept  tight  by  iron  bands  laid  around  it,  which  are 
prolonged  upward  in  vertical  bolts,  provided  with  nuts  and  fastened 
to  the  sills  of  the  cast-iron,  upright  standards  of  the  transmission 
shaft. 

The  drawing  (Figures  14  and  15)  shows  the  construction  of  the 
fine-grain  jig  in  use  at  the  Blei-Scharley  Mine,  at  Beuthen,  in  Upper 


Fig.  14. 


Fig.  15. 


^    ■  ^    '    ■    ■    '   ^  ^    ■    ■ 


FINE-GRAIN  JIG  USED   AT  BLEI-SCHARLEY. 

Silesia,  for  the  dressing  of  blende  containing  galena.  The  Kasa- 
lovsky  jig,  also  in  use  there  on  trial,  is  shown  in  Figures.  16  and  17. 
This  apparatus  works  wQry  well,  since,  in  addition  to  the  saving 
of  space  and  power,  the  piston  (lying  deep  in  water)  aflTords  the  ad- 
vantage of  always  working  well ;  while,  on  the  contrary,  the^common 
piston,  placed  higher  and  working  vertically,  if  not  well  packed,  is 
apt  to  produce  a  suction  of  the  water,  which  is  detrimental  to  the 
jigging  process.  On  the  other  hand,  the  apparatus,  complicated  by 
stuffing-boxes,  needs  more  frequent  repairs,  and  the  transmission,  ap- 
plied at  the  side,  is  much  in  the  way  in  tending  the  apparatus.  In 
the  United  States,  F.  Cazin  has  modified  the  previously-described 
arrangement  of  the  jig  in  such  a  way  that  a  single,  long,  rectangular, 
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oscillating  piston,  lying  horizontally,  is  used  for  the  compartments  of 
the  jig,  placed  behind  one  another,  instead  of  a  special  piston  for 


KASALOVSKY'S   DOUBLE  JIG. 

every  division.  This  has  its  swinging  axis  near  the  outlet  of  the  jig, 
and  is  moved  near  the  inlet  by  means  of  Fairbairn's  crank-slide  con- 
nected with  a  perpendicular  piston-rod.  By  this  means  a  higher  lift 
is  given  to  the  water  under  the  sieves  at  the  inlet  than  at  the  outlet, 
and  the  jigging-stuff,  in  the  mass,  receives  lighter  shocks  as  it  moves 
from  end  to  end.  and  the  specific  gravity  of  the  ore  to  be  carried 
through  the  ore-bed  into  the  under-tub  diminishes. 

According  to  Cazin's  statement,  140  strokes  of  25  millimetres  are 
said  to  have  been  given  to  stuff  of  2  millimetres  diameter  of  grain.* 

JIGGING  PROCESS  AT  THE  LAKE  SUPERIOR  COPPERDRESSING  WORKS. 

At  Lake  Superior,  in  the  dressing  of  stamped  copper  ore,  the 
products,  after  being  sized  in  pointed-troughs,  provided  with  clear 
water,  and  acting  like  the  so-called  hydraulic  separators  (Stromappa- 
rate),  are  led  directly  to  continuously- working  jigs.  These  "  Collom 
washers" — so  called  from  the  inventor,  Mr.  John  Collom — are  so 
generally  introduced  into  the  copper  mines  there,  that  this  general 
agreement,  at  the  numerous  establishments,  in  supplanting  the  mani- 
fold systems  of  jigs  earlier  introduced,  affords  a  clear  proof  of  their 
efficiency-t  The  space  given  to  the  preceding  discussion  permits 
only  the  essential  peculiarities  of  the  general   arrangement,  as  ob- 

•  Berg-  tind  Hattenmannisiki  Zeitiing,  1872,  p.  189,  p].  v. ;  R.  W.  Raymond,  StalitlUt 
e/Minrs  and  Mining,  fifth  annual  report,  1873,  p.  444. 

t  Ch.  M.  Rolker,  M.E„  The  Allout%  Mini  and  On-Dreaiug  as  frorlited  in  the  Lake 
Superiar  Capper  Diilricl,  in  The  Engineering  and  Mining  youmal,  1877,  vol.  xxiii.  pp. 
»74.  *94.  3'4.  335- 

17 


290 


INTERNATIONAL  EXHIBITION,  1876. 


tained   from  this  source  and  from   the  observations  made  by  the 
author  upon  the  spot,  to  be  brought  forward  here. 

In  Figure  18  is  shown  the  ground-plan,  at  the  same  place,  of  two 
systems  of  14  jig-sieves  each,  and  their  connection  with  the  labyrinth 
coming  from  a  Ball  stamp,  as  well  as  the  labyrinth  of  the  tough 
slimes,  and  the  rotating  round-buddle  used  for  working  them  up; 

Fig.  18. 


PLAN  OF  A  COPPER  JIGGING- WO/IKS  ON  LAKE  SUPERIOR. 

Such  a  system  comprises,  in  the  top  stage,  8  jigs  in  4  rows ;  in  the 
middle  stage,  4  jigs  in  2  rows ;  in  the  bottom  stage,  2  jigs  in  2  rows; 
united  in  one  group.  In  the  top  and  middle  stages  the  jigs  lie  in 
pairs,  behind  one  another;  so  that,  as  in  the  Hartz  fine-jigs,  the  tail- 
ings from  the  first  sieve  are  led  upon  the  second  one,  and  thus  there 
are  five  cross-rows  of  jigs  lying  close  together.  In  these  rows  each 
two  neighboring  sieves  form  a  combined  jigging-machine,  in  such  a 
manner  that  their  two  vertically-acting  rectangular  pistons  in  the 
middle  (marked  with  diagonal  cross-lines  in  the  figure)  do  not  lie 
crosswise  near  each  other,  but  lengthwise  behind  one  another,  and 
are  driven  by  a  common,  double-armed  working-lever,  which  moves 
the  piston-rod,  provided  with  buffers,  downward  by  jerks  (compare 
Figure  11,  p.  261). 

The  outward  movement  of  the  piston  is  produced  by  an  adjustable, 
spiral,  steel  spring  wound  around  the  piston-rod. 

The  intensity  of  the  up-and-down  motion  and  the  height  of  lift  can 
thus  be  regulated  for  each  sieve  entirely  independently  of  the  move- 
ment of  the  neighboring  sieve. 

The  working-levers  of  the  jigs,  which  lie  behind  one  another  on 
the  same  stage,  are  coupled  by  a  horizontal  connecting-rod ;  so  that, 
for  the  jigs  on  the  same  story,  a  common  transmission  shaft,  lying 
across  the  head  end,  is  sufficient  to  move,  by  means  of  eccentric  rods, 
the  working-levers  for  two  cross-rows  of  jigs. 
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By  means  of  this  ingenious  arrangement,  the  mechanism,  in  spite 
of  the  great  number  of  jigs,  appears  comparatively  simple  and  durable, 
and  the  whole  transmission  system  less  complicated  than  would  be 
the  case  in  the  arrangement  customary  in  Europe  under  the  same 
circumstances.  Such  a  jig,  with  0.609  square  metres  (6  square  feet) 
sieve-surface,  is  2.083  nietres  (6|  feet)  long,  1.068  metres  (3^^  feet) 
broad,  and  0.9  metres  high  in  the  middle. 

They  work  with  pistons  0.456  metres  (i^  feet)  square,  and  give 
120  strokes  of  6  to  16  millimetres  (j^  to  5^  inches)  lift  per  minute, 
varying  with  the  size  of  the  grain  of  the  stuflf. 

The  first  row  contains  head-machines;  the  second  row  first-tail 
sieves ;  the  third  row  finishers ;  the  fourth  row  tail-finishers ;  the  fifth 
row  second-tail  sieves. 

The  under-tub-stuff— the  siftings — from  the  first  row  of  sieves 
is  conveyed  through  pipes  directly  to  the  sieves  of  the  third  row 
on  the  middle  stage,  and  from  the  second  row  to  the  sieves  of 
the  fourth  row,  for  another  jigging;  and  even  the  still  rich  refuse 
of  the  finishers,  which  stand  in  the  third  and  fourth  rows,  is  con- 
ducted through  launders  upon  the  fifth  row, — the  second-tail  sieve, — 
in  order  to  there  precipitate,  as  far  as  possible,  the  finest  particles  of 
copper. 

The  refuse  from  the  rough  jigging,  that  passes  over  the  second  row 
of  sieves,  is  either  turned  directly  into  the  waste  water,  or  previously, 
according  to  circumstances,  led  once  more  over  tables  placed  in  a 
special  tail-house  to  catch  the  floating  scales  of  copper.  The  con- 
centrated stuff  in  the  under-tub  from  the  three  lowest  rows  of  sieves  is 
collected  in  reservoirs,  marked  3  and  4  in  the  plan.    (Figure  18.) 

The  upper  layer— the  skimmings  (Abhub)— of  the  grains  remain- 
ing on  the  sieves  of  the  rough  and  tail-finishing  jigs  is  carried  back 
to  the  stamps  for  further  comminution;  the  under  layer  contains  cop- 
per gravel,  which  is  sorted  according  to  the  amount  of  copper  con- 
tained in  the  grains.  The  third  row  of  sieves  yields  only  granular 
copper.  The  finer  copper  grains  are,  for  further  cleansing,  washed 
once  more  in  the  dolly-tub,  or  tossing-keeve. 

In  the  above-mentioned  plan,  the  figures  10,  12,  16,  20,  25,  30,  with 
which  the  separate  jigs  are  marked,  show  the  width  of  mesh  of  the 
sieves,  which  are  woven  of  brass  wire,  so  that  in  a  length  of  one  inch 
there  is  a  corresponding  number  of  meshes ;  consequently,  in  a  square 
inch  of  a  sieve  marked  10  there  are  100  meshes. 

The  width  of  mesh  of  the  sieve  corresponds  tpthe  fineness  of  the 
grains  which  are  carried  over,  in  rough  jigging,  in  4  launders.  In  the 
finishing  operation,  the  stuflf  in  the  under-tubs  of  the  two  rough  jigs 
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nearest  to  each  other  in  width  of  mesh  is  united,  so  that  consequently 
the  operation  takes  place  in  only  two  separate  sieve-rows. 

By  separating  the  jigging  process  into  two  successive  operations, 
and  by  again  collecting  the  concentrated  stuff  from  the  under-tub  on 
one  row  of  sieves,  the  loss  of  ore  is  correspondingly  avoided ;  but,  on 
the  other  hand,  it  is  possible  to  subject  the  richer  stuff  to  a  more 
carefully-conducted  process  in  the  simplest  manner. 

This  practice  appears  to  be  necessary  at  Lake  Superior  from  the 

extremely  high  price  of  washed  products.     Wherever  such  ores  as 

blende  and  galena  are  to  be  worked,  it  will  likewise  be  found  useful, 

in  case  it  is  desired  to  obtain  especially  pure  products,  or  where  iron 

pyrites,  spathic  iron  ore,  and  heavy  spar  are  to  be  separated  from 

blende. 

COARSE-GRAIN  BED-JIGGING. 

The  use  of  the  bed-jig  has  been  gradually  extended  from  the  fine- 
to  the  coarse-grained  stuff  in  ore-dressing,  so  that  it  may  be  assumed 
that  this  practice  of  a  continuous  process  has  been  generally  intro- 
duced into  well-managed  ore-dressing  establishments  at  the  present 
day.  The  special  difficulties  that  show  themselves  with  coarse  grains, 
and  which  exist  partly  in  the  uniformity  of  feeding,  partly  in  making 
a  proper  bed,  and  partly  from  the  union  of  various  ores  in  the  jig- 
grains  of  medium  specific  gravity,  have  all  been  overcome  by  suitable 
means. 

Omitting  the  numerous  feeding  arrangements,  it  should  be  observed 
in  regard  to  the  formation  of  the  jig-bed,  that  hard,  angular  bodies 
are  better  adapted  for  this  purpose  than  rounded  and  soft  ones,  which 
rapidly  wear  away.  Therefore,  in  jigging  galena,  old  pieces  of  iron, 
with  the  sharpest  edges  possible,  nuts,  bolt-heads,  etc.,  can  be  used 
advantageously;  in  coal-jigging,  feldspar,  which  has  about  the  same 
weight  as  the  accompanying  clay-slate,  will  do. 

For  ores  disseminated  in  the  gangue  only  a  few  (about  three),  sieve- 
divisions  are  used  in  coarse-grained  jigs,  from  the  first  of  which,  for 
example,  pure  galena  is  obtained ;  from  the  second,  richer  dissemi- 
nated ore, — crushed  or  broken  stuff, — which  is  carried  to  coarse  roll- 
ing-mills for  further  reduction ;  from  the  third,  poorer  disseminated 
ore, — stamp-stuff, — which  goes  to  fine  rolling-mills  or  stamps  to  be 
ground  smaller,  while  the  tailings  of  the  third  division  consist  of 
deads. 

In  the  newest  establishments  in  Upper  Silesia,  where  blende  con- 
taining lead  is  dressed,  the  coarse-grained  fine  stuff — smalls — are 
thoroughly  worked  in  continuously-acting  jigs,  with  two  divisions 
only,  in  order,  in  the  first  place,  to  remove  the  greater  portion  of  the 
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deads  therefrom,  and  then  to  treat  further  by  themselves  the  enriched 
siftings  in  two  mixed  sorts  of  ore,  a  richer  and  a  poorer  one. 

It  may  l?e  here  mentioned  as  an  example  of  the  simplification  and 
completeness  of  ore-dressing  from  the  introduction  of  continuous- 
jigging,  that  in  the  important  zinc  ore- washing  establishment  at 
Scharley,  in  Upper  Silesia,  for  dressing  sands  and  slimes,  34  round 
buddies  have  been  supplanted  by  6  fine-grain  jigs,  and  32  old  plain 
jigs,  by  10  new  jigs,  of  4  divisions  each;  and  that  with  reference  to 
diminishing  the  loss  of  lead,  the  result  was  attained  of  reducing  the 
former  1.5  per  cent,  of  lead  in  the  produced  zinc-slime  to  from  o.i  to 
0.2  per  cent. 

COAL-SLIME  JIGS. 

The  Hartz  fine-jigs  have  also  come  considerably  into  use  of  late 
in  coal-dressing,  for  cleansing  the  extremely  fine  coal-dust,  and  have 
become  a  valuable  aid  in  overcoming  difficulties  formerly  insur- 
mountable, which  opposed  the  efforts  to  obtain  from  impure  slack- 
coal  a  fuel  as  free  as  possible  from  ash,  and  adapted  to  metallurgical 
and  other  technical  purposes,  at  small  cost*  The  draining  air-jig  of 
the  civil  engineers  Riehn,  Meinecke,  and  Wolf,  at  Gorlitz,  in  Upper 
Silesia  (already  mentioned  in  the  5th  section,  under  4),  forms  a 
worthy  completion  to  the  successful  carrying  out  of  the  endeavors 
to  utilize,  in  industry,  the  impure  granular  coal,  previously  almost 
worthless. 

EVRARD»S   COAL-DRESSING   PROCESS. 

In  the  historical  consideration  of  the  technical  advance,  it  appears 
especially  attractive  for  the  attentive  observer  to  see  how  often  the 
very  hardest  problems  are  solved,  in  an  equally  happy  manner, 
by  human  invention,  but  by  entirely  different  and  widely-varying 
methods ;  and  how  nations,  striving  for  the  development  of  culture, 
emulate  each  other.  If  the  old  traditions  of  Cornish,  Hungarian,  and 
German  mining  were  the  pioneers  in  the  above-considered  advances, 
it  must  be  acknowledged  that  in  France,  the  engineer  Max  Evrard 
(of  great  merit  in  other  directions  also)  has  found  out  how  to  over- 
come the  difficulties  of  an  automatic  process  for  coal-dressing  by 
entirely  new  inventions,  of  such  a  kind  that  his  methods  of  coal-dress- 
ing, carried  out  technically  in  two  entirely  different  paths,  can  be 
placed,  as  of  equal  value,  by  the  side  of  those  above-represented  prac- 

*  T.  Nonne,  Notes  on  the  Dressing  of  Coaiy  particularly  the  Coal-Dust  Washers  built 
in  Saxony t  Lower  Silesia,  and  Moravia  by  C.  LUhrig^  the  periodical  Gluckauf  1876, 
vol.  xiii.  Nos.  5  and  13;   1877,  vol.  xiv.  No.  17. 
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tices,  which  have  already  obtained  a  wider  circulation.  In  one 
method,  next  to  be  considered,  the  use  of  a  ring-shaped  jig-sieve, 
turning  slowly  in  a  horizontal  direction,  and  working  continuously, 
entitles  him  to  the  priority,  in  point  of  time,  of  having  first  solved  the 
problem  satisfactorily. 

M.  Evrard  has  himself,  in  several  articles,  described  and  represented 
his  dressing  establishment  and  system,  and  his  papers  are  well  known 
through  various  German  publications.*  The  beautiful  models  dis- 
played by  him  at  the  Paris  Exposition,  in  1867,  have  been  deposited 
in  the  collection  of  the  Conservatoire  des  Arts  et  Metiers  in  Paris. 

Under  the  obliging  guidance  of  the  inventor,  the  author  had  an 
opportunity,  as  long  ago  as  1864,  to  admire  the  original  system  in 
its  completed  form  and  doing  its  best  work  at  the  Charlotte  Mine, 
near  St.  Etienne.  It  was  then  limited  in  its  operations ;  the  nut  coal 
of  less  than  12  millimetres  diameter,  obtained  from  sorting  upon  a 
horizontal,  rotating,  ring-shaped  screen,  was  mixed  with  the  granular 
coal  of  less  than  5  millimetres  in  size  (after  the  finest  dust  of  about 
1.5  millimetre  diameter  had  been  sifted  out  of  the  latter  by  means  of 
a  drum-sieve),  and  the  mixture  was  then  carried  to  a  large  ring- 
shaped,  horizontal,  rotating  jig  that  was  continuous  in  its  working, 
and  there  it  was  washed.  The  finest  coal-dust,  which  impeded  the 
jjggjng,  was  to  a  small  extent  sold  unwashed, — principally,  however, 
thrown  upon  the  dump  as  worthless.  The  coal,  after  being  cleared 
by  washing  from  the  dirt  acquired  in  extraction,  was  delivered  from 
the  jig  in  two  sorts;  the  cleaner  of  which — the  first  skimmings — 
contained  only  3  to  4  per  cent,  of  ash ;  the  second — the  second  skim- 
mings— about  6  per  cent,  of  ash ;  out  of  the  two  sorts  briquettes 
were  made  of  first  and  second  quality,  adapted  for  use  on  ordinary 
railroad  express-trains.  A  third  sort,  which  was  obtained  in  smaller 
quantity,  as  third  skimmings,  from  above  the  refuse,  was  used  for 
heating  the  boilers  at  the  mine. 

An  entirely  similar  dressing  establishment,  at  that  time  building  for 
a  mine  at  Epinac,  with  engines,  boilers,  foundation,  and  water  reser- 
voirs, was  contracted  for  by  one  man  at  the  price  of  101,000  francs. 

The  establishment  at  St.  Etienne  requires,  in  a  ten-hour  shift,  for 
working  up  600  tons,  5  workmen  at  the  jigs,  engines,  and  boilers,  and 
12  to  15  picking-girls  for  sorting  the  slate  from  the  lump  and  cube 
coal,  with  an  outlay  of  lO  centimes  (2  cents)  per  ton  for  running 
expenses  and  maintenance. 

*  M.  Evrard,  Bulletin  de  la  Sociiti  de  I  Industrie  minkraUy  tome  ix.  p.  305,  2e  sir., 
1873 ;  tome  ii.  p.  281 ;  Note  sur  la  lavage  des  Charbons,  1875,  St.  Etienne,  Thiolier  &  Co., 
1875  ;  G&tzschmann,  Aufbereitung^  vol.  ii.  p.  1 21. 
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M.  Evrard  had  also,  even  at  that  time,  formed  the  plan  of  dress- 
ing the  finest  coal-dust  {moures)  upon  a  peculiar  washing-apparatus, 
similar  in  general  arrangement  to  the  above-mentioned  jig.  Its 
introduction  soon  after,  at  the  Chazotte  Mine,  at  a  cost  of  100,000 
francs  for  the  new  plant  complete,  produced  very  favorable  results, 
inasmuch  as  by  it  a  supply  of  40,000  tons  of  hitherto  worthless  coal- 
slime  could  be  worked  up  and  made  valuable,  outside  of  the  ordinary 
waste  of  coal-dust. 

Not  yet  satisfied  with  these  favorable  results,  M.  Evrard,  probably 
a  few  years  after  the  Paris  Exposition  of  1867,  produced  an  entirely 
new  and  peculiar  washing-apparatus  for  cleansing  in  bulk  the  raw 
material  from  the  mine  after  the  lump  and  cube  coal  have  been 
screened  out  of  it,  without  any  previous  sorting  into  nut,  pea,  and 
dust  sizes,  by  uniting  the  principle  of  free-fall  in  a  high  column  of 
water  at  rest,  and  that  of  the  intermittent  effect  of  jigging,  with  his 
own  ingenious  invention. 

This  hydraulic  classificatoi*  {laveur  classificateur)^  which  first  came 
into  use  in  1873,  at  the  Coke  and  Tar  Distillery  of  Carres  &  Co.  at 
St.  Etienne,  serves  at  the  same  time  for  cleaning  and  drying  the  coal- 
dust  or  slime,  as  well  as  for  separating  and  first-washing  the  nut  and 
pea  coals.  The  latter  must  still  be  carried  from  this  apparatus  to  a 
jig  worked  on  the  usual  principle  in  order  to  obtain  a  clean  product. 
The  Evrard  ring-jig  is  at  least  as  well  adapted  to  the  purpose  as  any 
other  continuously- working  jig.  This  latest  system  has  the  special 
advantage  over  all  other  methods  of  coal-dressing  of  rendering  com- 
pletely unnecessary  the  previous  sizing  of  the  small  coal  on  special 
screens  and  drums,  and  also  in  simplifying  very  essentially  the  ma- 
chinery to  be  maintained. 

Since  reference  has  been  made  to  Evrard's  essay,  published  in 
the  Bulletin  de  la  Societe  de  t Industrie  minerale,  1873,  with  excellent 
illustrations  of  all  the  details,  it  will  suffice  in  this  place  to  set  forth 
briefly  the  essential  characteristics  of  the  various  apparatus  before 
mentioned.* 

Evrard's  new  ring-sieve  jig  consists  of  a  funnel-shaped  reservoir 
of  masonry  laid  in  cement,  with  an  inside  diameter  of  10.20  metres 
and  a  depth  of  10  metres,  whose  apex  ends  in  a  pipe  provided  with 
a  stop-cock,  by  means  of  which  the  slimes  collected  in  the  reservoir 
may  from  time  to  time  be  drawn  off  into  cars. 

Within  the  reservoir  is  built  a  circular  partition-wall,  which  divides 

*  For  this  purpose  use  has  been  made  of  correspondence,  for  which  the  author  is  espe- 
cially indebted  to  the  kindness  of  M.  Evrard,  and  also  of  more  complete  data  con* 
ceniing  the  latest  results  and  uses  of  his  dressing  processes  in  France. 
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it  into  an  annular  compartment  for  the  ring  jig-sieve  and  a  central 
cylindrical  compartment  for  the  piston,  which  consists  of  a  floating 
sheet-iron  cylinder  with  closed  bottom,  and  the  partition  is  provided 
with  a  number  of  openings  at  the  bottom  to  unite  the  two  com- 
partments. 

The  cylindrical  piston  has  a  diameter  of  5.30  metres,  and  is  raised 
by  means  of  a  single-lift  cam,  on  a  horizontal  shaft,  working  against 
the  under  surface  of  the  piston.*  The  down-stroke  is  regulated  by 
means  of  weights  placed  on  top. 

The  jig-sieve  consists  of  an  annular  surface  2  metres  wide,  with 
an  outside  diameter  of  10  metres,  which  is  inclosed  within  two  metal- 
plate  rims  30  centimetres  high ;  and  is  provided  with  a  grate  bottom 
of  wooden  slats  arranged  radially  in  part,  and  partly  in  circles,  upon 
which  rests  a  copper-plate  bottom,  forming  a  sieve,  with  holes  of 
I  millimetre  in  diameter.  The  lower  edges  of  this  solidly-joined  ring- 
sieve  turn  upon  radial  and  horizontal  friction-wheels  set  upon  the 
masonry,  and  a  slow  circular  motion  is  given  to  it  by  means  of  a 
toothed  wheel  fixed  to  its  outer  circumference,  into  which  works 
a  small  driving  spur-wheel  with  a  vertical  spindle. 

The  surface  of  the  ring-sieve  is  inclined  about  30  centimetres  in  its 
greatest  diameter,  and  the  water  is  kept  at  such  a  height  that  the 
sieve-bottom  in  its  lowest  position  is  20  centimetres  under  water,  but  at 
its  highest  point  is  10  centimetres  above  the  surface.  In  this  manner 
the  uniform  radial  and  continuous  stroke  of  the  cylindrical  water- 
piston  works  with  varying  force  upon  the  immersed  portions  of  the 
jig-sieve;  and,  consequently,  on  account  of  the  rotatory  motion  of  the 
latter  upon  each  particle,  from  the  beginning  of  the  immersion  down 
to  the  lowest  point,  with  gradually  increasing  force,  and  from  there 
up  to  the  withdrawal  of  the  sieve  with  a  similarly  decreasing  intensity 
of  the  hydraulic  stroke. 

The  jigging-stuff  was  originally  charged  upon  the  sieve  in  a  dry 
condition  by  means  of  an  elevator.  By  that  means,  however,  on 
immersion,  the  finest  particles  of  coal  and  the  deads,  on  account  of 
the  oscillatory  motion  of  the  water,  go  together  through  the  sieve  into 
the  slime-funnel  beneath.  After  a  separate  working  of  the  coal-slimes 
with  grains  of  less  diameter  than  i  millimetre  had  been  eflected 
by  means  of  special  apparatus,  M.  Evrard  modified  the  manner  of 
charging  the  stuff,  by  sorting  the  coal-slimes  that  interfered  with  the 
jigging  process,  and  at  the  same  time  dressing  them  by  themselves. 

The  dry,  screened,  granular  coal   to   be  washed  is  carried  in  a 

*  In  the  old  construction,  in  use  at  the  Chazotte  Mine,  the  piston  was  raised  from  above 
by  means  of  a  long  single-arm  counterweight  of  sheet-iron. 
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powerful  stream  of  water  through  two  systems  of  drum-sieves  situated 
above  the  jig.  The  first  system  of  two  drums  sifts  out  the  grains  of 
2  millimetres  diameter  and  greater,  and  carries  them  directly  upon  the 
part  of  the  jig  covered  in  its  immersion.  The  second  system  having 
only  one  drum  with  holes  i  millimetre  in  diameter,  in  turn  sifb  the 
finer  grains  of  1  to  2  millimetres  diameter  from  the  tailings  of  the 
first  system,  and  carries  these  grains  to  the  part  of  the  jig  most 
deeply  immersed,  where  the  previously  charged  coarse  stuff  has 
already  been  separated  into  layers  according  to  the  size  of  the  grains, 
and  now  serves  as  a  suitable  jig-bed  for  the  finer  grains  falling  upon 
it,  so  that  only  the  refuse  is  allowed  to  pass  through. 

In  a  measure,  as  the  jigging-stuff  on  the  ring-sieve  rises  more  and 
more  out  of  the  water,  the  hydraulic  strokes  become  weaker,  until 
the  water  recedes  from  the  coal  entirely,  and,  under  the  influence  of 
the  oscillating  air  pressing  in  from  below,  drops  off.  Since  the  lower 
layers  of  coal-grains  serve  as  a  filter,  the  upper  layer  of  fine  slime  is 
also  drained  just  as  completely  as  the  lower  ones. 

On  the  upper  part  of  the  ring-sieve  are  stationary  scrapers  which 
carry  off  the  uppermost  layer  of  washed  coal  to  an  elevator-wheel 
used  for  removing  the  stuflf. 
There  are  three  such  for- 
warding apparatus,  one  be- 
hind the  other  for  contin- 
uously discharging  the 
washed  coals  Nos.  i  and  2, 
as  well  as  the  impure  re- 
fuse, and  also,  according 
to  circumstances,  the  coal 
rich  in  ash  or  the  entirely 
barren  deads  into  cars 
placed  underneath. 

The  fine  slime  from  the 

drum -sieve    is    conducted 

to  a  peculiar  funnel-shaped 

settl  i  n  g-appa  rat  u  s — d  ecan  - 

teur — (see  Figure  19)  of  2.4 

metres  width  at  top  and  4 

metres  depth,  in  which  the 

.       .  .  -   1     1      ..u  evrabd's  d6canteur. 

finest   grains   sink   to   the 

bottom  and,  in  company  with  about  one-fourth  of  the  tailings,  are 

conducted  through  a  pipe  leading  up  from  the  bottom  to  the  slime-jig, 

while  the  three-fourths  of  the  tailings,  which  go  over  the  edge  suffi- 
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ciently  clarified,  flow  with  the  superfluous  waste  water  of  the  washing 
apparatus  to  a  pump,  which  raises  them  again ;  so  that  after  another 
clarification  in  a  pointed-box,  6.6  metres  long  and  2.4  metres  wide, 
they  are  used  over  for  feeding  the  sorting-drums. 

The  slime-jig  is  similar  in  construction  to  the  previously-described 
jig  for  sorting  granular  stuff! 

The  ring-sieve  is,  however,  only  i  metre  wide,  and  has  an  outside 
diameter  of  only  6  metres,  and  consists  of  two  concentric  annular 
compartments,  the  inner  one  having  a  tight  bottom  of  sheet-metal, 
the  outer  one  a  perforated  bottom,  the  two  being  separated  by  a 
metallic  rim.  In  the  inner  compartment  the  slimes  deposit  them- 
selves in  layers  and,  after  sufficient  draining,  are  turned  over  into  the 
outer  compartment  by  means  of  an  elevator-wheel,  in  order  to  be 
washed  clean  by  the  jigging  process  during  the  following  revolu- 
tion of  the  ring-sieve.  The  jig-piston,  which  is  only  1.2  metres  in 
diameter,  is  placed  not  in  the  middle,  but  on  the  side  of  the  ring- 
sieve,  and  is^ separated  from  the  jig-box  by  means  of  pressure-valves, 
on  the  principle  of  the  jig-pump,  and  provided  with  especial  suction- 
valves;  so  that  only  an  intermittent  rising  stream  of  water  works 
upon  the  ring-sieve.  The  combination  of  the  two  jigs  for  the  separate 
preparation  of  the  granular  and  slimy  stuffs  is  generally  satisfactory, 
although  the  rather  complicated  mechanism  and,  more  especially,  the 
fact  that  in  the  preparation  of  the  slimes  there  is  an  unavoidable 
loss  in  the  clayey,  sandy  tailings  which  contain  many  coal-particles, 
induced  M.  Evrard  to  try  an  entirely  new  way  of  systematically  and 
thoroughly  removing  the  difficulties  arising  from  the  coal-slimes. 

His  above-mentioned  hydraulic  classificator,  described,  in  1873, 
in  the  Bulletin  de  la  Societe  de  t  Industrie  minerale^  from  which  source 
the  accompanying  cut  (Figure  20)  has  been  taken,  consists  of  a  vertical, 
hollow  prism,  either  cylindrical  or  rectangular,  3  metres  deep,  whose 
bottom  is  formed  by  a  movable  piston-like  inclosing  rim,  covered 
with  a  perforated  plate,  which  can  be  raised  to  any  height  desired, 
as  far  up  as  the  rim  of  the  vessel,  by  means  of  a  piston-rod  attached 
to  the  under  side  and  an  upright  hydraulic  cylinder  working  upon  it. 

The  vessel  is  prolonged  beneath  the  piston  in  an  open  pipe  of  the 
same  width  and  about  4  metres  long,  and  both  are  submerged  in  a 
wider  water-cistern,  closed  above  and  below  and  steam-tight,  whose 
cover  is  closely  riveted  to  the  outer  covering  of  the  vessel,  and  is 
provided  with  a  steam  supply-pipe.  By  means  of  an  intermittent 
supply  of  steam  from  the  boiler,  through  the  cover,  into  the  uppet 
part  of  the  outer  holder,  the  water  therein  receives  an  oscillating, 
jerking  motion,  and  works  upon  the  minerals  which  are  fed  into  the 
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vessel  and  become  heaped  about  1.33  metres  high  upon  the  piston- 
sieve,  just  as  with  a  jig-sieve.  The  only  difference  is,  that  the  hydraulic 
strokes  are  much  stronger  at  the  start,  being  given  with  a  lift  as  high 
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as  20  centimetres,  and  then  decrease  to  a  few  millimetres ;  so  that  the 
action  which  follows  at  6rst,  just  as  with  a  slime-separator,  changes 
gradually  to  the  action  of  a  fine-jigging  machine. 

In  this  way  a  pause  of  one  or  two  minutes  is  given,  in  order  that 
the  finest  slime  may  properly  settle  on  the  piston-sieve,  and  then  this 
piston  is  raised  intermittently  to  the  upper  edge  of  the  inner  vessel, 
in  order  to  scrape  off  the  jigging-stuff  over  the  edge  in  diflerent 
layers,  according  as  they  lie  upon  the  piston  after  sorting,  and  to 
obtain  them  separately  as  special  products.  The  whole  operation 
lasts  about  five  minutes. 


'300  INTERNATIONAL   EXHIBITION,  1876, 

For  drawing  off  the  sorted  coals  in  layers,  a  movable  metallic 
scraper  in  the  form  of  a  ring  is  attached  to  the  upper  edge  of  the 
washing  vessel,  and  motion  is  imparted  to  it  by  means  of  a  horizontal 
hydraulic  cylinder  when  removing  the  coal,  and  when  empty  it  is 
carried  back  by  means  of  a  counterweight  and  chain. 

Without  going  further  into  the  ingenious  particulars  of  the  appa- 
ratus for  effecting  the  direct  employment  of  steam,  partly  for  impart- 
ing an  oscillating  motion  to  the  water-column  of  the  jig-sieve,  partly 
for  the  production  of  the  requisite  pressure  of  water  for  working  the 
hydraulic  piston,  and  partly  for  feeding  the  stuff  into  the  jig,  it  will 
suffice  to  mention  briefly,  in  this  connection,  the  practical  results  of 
this  new  method  of  dressing. 

The  washed  products  deposit  themselves  upon  the  piston  jig-sieve 
in  such  a  manner  that  the  uppermost  layers  are  made  up  of  the  cleanest 
possible  coal-slimes,  under  which  is  found  the  granular  coal,  whose 
coarseness  increases  with  the  depth;  below  this  again  is  the  lump 
coal,  which  is  more  and  more  impure  as  it  lies  lower  on  the  jig,  while, 
finally,  in  the  lowest  layer  of  all,  merely  slate  is  found. 

The  tailings  that  pass  through  the  sieve  of  3  millimetres  mesh  into 
the  lower  receptacle  consist  only  of  fine  particles  of  gangue  without 
a  trace  of  coal  in  them.  On  removal,  the  cleaned  products  are  found 
in  a  compact  cake  on  the  sieve.  If  the  upper  sufficiently-purified 
part  of  this  cake,  which  at  top  consists  of  slime  coal  and  at  bottom 
nut  coal,  be  drawn  off  all  at  once  by  the  scraper,  the  mass  crumbles  to 
pieces  in  the  trough  leading  to  the  cars  placed  below  to  receive  it, 
and  a  mixing  of  the  finer  and  coarser  layers  takes  place  so  com- 
pletely that  the  scrapings  may  be  fed  directly  into  the  coke-ovens.* 

Besides  the  fine  sand,  rich  in  ash,  contained  in  the  middle  layer  of 
coarser  coal,  there  are  smaller  lumps  of  coal  with  slate  attached,  dis- 
tributed through  the  entire  height  according  to  their  size.  If  this 
impure  portion  be  removed  by  layers  in  separate  lots,  and  if  these 
lots  are  sifted  upon  special  sieves  of  suitable  mesh,  then  the  finer  and 
specifically  heavier  particles  mixed  therein  may  be  separated  by  this 
means  from  the  coarser  grains  of  coal.  Yet  such  a  proceeding  is 
not  to  be  recommended  in  coal-washing ;  it  is  better  and  easier  to 
obtain  coal  sufficiently  free  of  ash  from  this  middle  layer  by  means 
of  a  preparation  upon  the  above-described  ring-sieve  jig.     For  this 


*  In  washing  coals  containing  lignite  rich  in  ash,  the  latter  forms  foamy  masses  floating 
upon  the  toughest  slimes,  and  makes  the  cleansed  coal-slimes  impure.  In  Evrard's  classi- 
ficator  this  ashy  foam  occurs  in  the  very  uppermost  layer  of  the  washed  cake,  and  may  be 
skimmed  off  of  it  with  a  shovel  before  removing  the  mass. 
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purpose  M.  Evrard  carries  the  middle  layer  of  the  classificator 
directly  to  the  neighboring  ring-jig,  which  he  arranges  in  such  a 
manner  that  the  clean-washed  coal  thrown  upon  it  falls  into  a  hop- 
per, to  which  place  the  top  layer  of  pure  slime  and  the  fine-grained 
coal  from  the  classificator  come ;  so  that  the  desired  mixture  of 
both  kinds  takes  place  of  itself. 

In  order  to  drain  the  washed  coal,  there  is  placed  beneath  the  hop- 
per a  concave  sieve,  which  revolves  slowly,  and  the  coal,  after  being 
stirred  up  by  rakes,  and  pushed  from  the  middle  to  the  circumference 
of  the  sieve,  drops  into  the  car  of  the  coking-works  sufficiently 
dried. 

The  first  combined  establishment  of  this  kind  was  erected  in  1875, 
by  the  Firminy  Company,  at  the  Roche  la  Moli^re  Mines,  near  St. 
Etienne.  The  classificator  there  has  a  rectangular  piston-sieve,  with 
a  surface  of  6  square  metres.  The  works  were  built  by  Messrs. 
Revollier,  Bietrix,  &  Co. 

The  after-jig  of  this  establishment  is  of  a  peculiar  construction,  and 
has  not  yet  been  described.  It  will  be  made  public  for  the  first  time 
at  the  forthcoming  Exposition  at  Paris,  in  order  not  to  hinder  the 
obtaining  of  a  patent-right  in  other  countries. 

The  two  cleansing  apparatus  so  combined  require  but  one  attend- 
ant. The  classificator  works  up  20  to  30  tons  of  material  in  an 
hour,  while  the  cost  of  washing  is  reduced  to  a  minimum.  M.  Evrard 
names  ioo,ocxD  francs  as  the  original  outlay  for  a  classificator  with  a 
capacity  of  200  tons  in  10  hours. 

The  first  classificator  washing-apparatus,  erected  in  1873,  ^^  ^^ 
coking  establishment  of  Corves  &  Co.,  already  mentioned,  worked 
without  the  ring-jig,  and  had  only  one  piston-sieve,  with  a  surface  of 
I  square  metre.  It  yielded  lOCXD  kilogrammes  at  each  operation, 
working  only  75  operations  in  lO  hours,  whereby  one  apparatus 
superseded  twenty  of  the  piston-jigs  formerly  used.  With  quicker 
working  the  apparatus  could  wash  over  100  tons  (ioo,cxx>  kilos.)  in 
10  hours. 

Besides  its  use  at  the  above-named  works,  the  Evrard  classificator 
is  in  operation  at  the  smelting-works  of  Petin  &  Gaudet,  at  Givors,  on 
the  Rhone,  and  at  the  mines  of  Montal-Sorbin,  near  St.  Etienne;  and 
is  in  course  of  construction  at  the  mines  of  Epinat,  in  the  depart- 
ment of  Saone  and  Loire,  as  well  as  at  Barruele  (Compagnie  des 
Chemins  de  fer  du  Nord  de  I'Espagne),  in  the  province  of  Valencia. 
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PNEUMATIC  JIGS. 

The  principles  of  the  method  of  pneumatic  dressing,  by  Stephen  R. 
Krom,  of  New  York,  have  been  thoroughly  explained  in  the  theo- 
retical section.* 

The  illustrations  (Figures  21  and  22),  taken  from  the  inventor's  pub- 
lications, there  mentioned,  represent  the  pneumatic  jig  in  front  view 
and  in  cross-section,  and  give  a  top  view  and  a  longitudinal  section 
of  the  arrangement  of  the  ore-bed,  formed  by  brass-wire  sieve-bars. 
The  apparatus  consists  of  a  firm  cast-iron  frame,  forming  a  rectan- 
gular box,  open  at  the  bottom,  which,  in  the  upper  portion,  contains 
a  fan  B,  provided  with  leather  valves  and  lying  flat,  which  swings 
upon  the  axis  I,  and  compresses  the  air ;  it  also  has,  on  the  front  side, 
the  grate-like  sieve-bottom  O,  and  a  wedge-shaped  receiver  C,  and  in 
a  niche  in  the  end  of  the  cast-iron  frame,  closed  tight  by  a  door  D, 
to  protect  it  from  dust,  is  the  mechanism  for  moving  the  fan  and 
for  regulating  the  jigging.  The  case  is  1.523  metres  (5  feet)  long, 
0.914  metres  (3  feet)'broad,  and  0.940  metres  (3  feet  10  inches)  high. 
A  cast-iron  hopper  H  is  screwed  on  top  of  the  case,  through  which 
the  crushed  stuff  is  conducted  to  the  ore-bed  O.  Two  sluice-boards 
G,  G,  edged  with  plate-iron  and  set  by  thumb-screws,  serve  for  regu- 
lating the  feeding  of  the  stuff"  and  for  discharging  the  specifically 
lightest  grains  (tailings).  The  stuff"  is  fed  close  to  the  bottom  of  the 
sieve,  which  is  127  to  133  millimetres  (5  to  6  inches)  broad.  The 
tailings  fall  over  the  upper  edge  of  the  second  sluice-board.  The 
sieve-bottom  consists  of  numerous  H  shaped  hollow  hdssf^f,  which, 
like  grate-bars,  lie  crosswise  at  regular  distances  from  each  other, 
and  with  their  hollow  sides  opening  into  the  compressed  air-chamber 
over  the  fan.  The  intervals,  or  grate-spaces,  ^,  e,  between  the  hollow 
bars,  are  closed  tight  by  separate  wooden  blocks,  so  that  the  com- 
pressed air  enters  the  ore-bed  only  through  the  hollow  bars.  The 
width  of  these  spaces  is  ^7,  J^,  ^,  and  yi  inches,  varying  with  the 
size  of  grain  of  the  material  to  be  dressed.  While  the  charge  is 
gradually  moved  along  over  the  grate-bars  and  spaces  by  the  impact  of 
the  compressed  air,  the  specifically  heavier  grains  fall  into  the  spaces, 
and  through  these  continuously  into  the  receiver  C  underneath. 
This  is  always  kept  full  by  means  of  the  ribbed  roller  R,  whose 

*  "  It  should  here  be  observed,  that  pneumatic  jigging,  upon  several  layers  of  sail-cloth 
resting  on  wire  sieves,  placed  in  steps  one  above  another,  had  been  proposed  fifteen  years 
previously  by  Aufermann,  and,  as  it  appears,  had  been  used  for  dressing  amalgam  residues.'' 
— Gfltzschmann,  Aufbereitung^  ii.,  p.  124,  from  Berg-  und Huttenm&nnische  Zeiiung^  1862, 
p.  427. 
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more  or  less  rapid  revolutions  accurately  regulate  the  proper  rate  of 
the  jigging.  The  height  of  the  space  C  is  so  adjusted  that  the 
compressed  air  from  the  hollow  bars  can  only  escape  upwards.  The 
fan  B  is  provided  with  lattice-like  openings,  covered  by  leather 
valves,  and  reinforced  at  the  axle  I  with  a  leather  strap.  The  swing- 
ing end  of  the  fan  moves  as  closely  as  possible  to  a  longitudinal  iron 
bar,  whose  surface  of  contact  is  a  smoothly-planed  concave  section 
of  a  cylinder.  The  compression  of  the  air  takes  place  by  the  swing- 
ing of  the  fan  in  an  upward  direction,  with  very  little  dead  space, 
uniformly  over  the  whole  breadth  of  the  jig.  Motion  is  imparted  to 
the  fan  by  means  of  the  mechanism  in  the  attached  side-chamber, 
with  the  very  great  velocity  of  7  to  8  revolutions  per  second,  in  the 
following  manner :  The  lever  L,  fastened  to  the  fan-axle  I,  is  limited 
in  its  movement  from  right  to  left  at  its  lower  end  by  means  of  a 
leather  band  J,  which  is  adjusted  on  the  outside  by  a  set -screw,  and 
it  is  drawn  in  this  direction  by  the  horizontal,  spiral  steel  spring  S. 
By  means  of  a  friction-roller  bolted  to  the  middle  of  the  lever  the 
latter  rests  against  the  evoluted  teeth  of  the  cog-wheel  T,  placed  on 
the  driving-shaft.  On  the  other  end  of  the  driving-shaft  are  the 
belt-pulleys,  used  for  throwing  the  driving-belt  of  the  machine  on 
or  off.  The  fan,  therefore,  while  drawing  in  air,  is  moved  downward 
by  the  cog-wheel  with  uniform  velocity ;  the  upward  movement  for 
compressing  the  air,  on  the  contrary,  takes  place  suddenly,  by  means 
of  the  stretched  spring,  whose  force  diminishes  with  the  increased 
compression  of  the  air.  The  leather  band  must  be  so  arranged  that 
the  friction-pulley  shall  never  strike  the  cog-wheel  at  the  base  of  the 
tooth.  The  author  had  opportunity  to  observe  the  machine  in  opera- 
tion at  the  Centennial  Exhibition,  and  notwithstanding  the  rapid  up- 
and-down  movement  of  the  fan,  the  spring  mechanism,  by  means  of 
this  ingenious  arrangement,,  worked  without  perceptible  shock  or 
vibration.  In  the  side-chamber,  at  the  end  of  the  fluted  roller  used 
for  discharging  the  grains  that  have  passed  through  the  jig,  there  is  a 
ratchet-wheel  W,  which  is  revolved  slowly  by  means  of  a  pawl  con- 
nected with  the  driving-shaft.  The  extension  of  the  pawl  is  regulated 
at  pleasure  by  means  of  a  set-screw  in  a  slot  on  the  side  of  the  cog- 
wheel. The  separation  is  more  effective  in  proportion  to  the  sharp- 
ness and  intensity  of  the  air-puffs.  The  execution  of  the  jig,  on  the 
other  hand,  depends  upon  the  number  of  lifts, — i.  r.,  the  greater  or 
less  velocity  with  which  the  air-puffs  follow  each  other  in  a  given 
time.  The  weight  of  such  a  machine  is  given  as  1200  pounds,  and 
its  capacity  j4  ton  per  hour,  requiring  ^  horse-power.  The  in- 
ventor also  furnishes  very  small  pneumatic  jigs,  only   150   pounds 
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in  weight,  for  ^250,  which  are  adapted  for  sampling  ores  in  labora- 
tories. 

On  comparing  the  continuously-acting  hydraulic  jig  with  Krom's 
pneumatic  one,  the  very  small  length  (only  5  or  6  inches)  of  jig-bed  of 
the  latter  presents  a  decided  advantage,  since,  with  a  comparatively 
small  apparatus,  large  quantities  of  ore  can  be  worked  up.* 

On  the  other  hand,  it  must  be  considered  that  the  hydraulic  fine- 
grain  machine,  with  several  successive  sieves,  gives  a  whole  series  of 
different  products,  separated  by  one  operation,  while  the  pneumatic 
machine  separates  only  two  products  at  each  operation.  But  by 
closer  observation,  it  is  found  that  the  method  of  producing  only  two 
products  affords  practical  advantages,  especially  with  poor  material, 
and  is,  therefore,  used  in  hydraulic  jigging  at  the  copper  mines  of 
Lake  Superior,  because  the  greatest  portion  of  the  jig-stuff  in  the 
gangue  is  extracted  at  the  first  operation ;  so  that  then  only  the 
smaller  concentrated  portion  remains  to  be  subjected  to  the  further 
more  careful  manual  operations  used  to  avoid  loss  of  ore. 

According  to  late  reports,  pneumatic  jigging  has  already  been  ex- 
tensively and  successfully  used  in  the  mineral  districts  of  Spain,  where 
there  is  a  scarcity  of  water.  At  all  events,  according  to  present  expe- 
rience, it  affords  a  new  aid  of  great  technical  importance  for  such  ore 

*  The  quicker  separation  of  dry  ore-grains  in  a  stream  of  air,  as  compared  with  the  effect 
of  hydraulic  jigging,  must  be  attributed  to  the  lesser  influence  of  adhesion.  With  fine  ore- 
particles,  especially  those  composed  of  thin  scales,  which,  in  water,  adhere  to  larger  grains 
of  gangue,  or  form  by  themselves  a  compact  pulpy  mass,  the  process  of  separation  is  de- 
layed by  adhesion,  and  prevents  the  laws  of  the  free-fall  of  bodies  in  a  fluid  medium  from 
acting  with  mathematical  accuracy. 

The  author  had  only  the  experiments  of  Mr.  Krom  in  relation  to  the  theory  of  pneu- 
matic jigging  when  writing  the  theoretical  part  of  this  report.  Since  then  an  interesting 
theoretical  comparison  of  the  laws  of  the  free-fall  of  small  spherical  bodies  in  water  and 
in  air  has  been  published  by  Mr.  J.  C.  Bartlett,  of  Cambridge,  Massachusetts,  wherein 
he  proves  that,  in  Krom's  experiments  of  fall  in  narrow  tubes,  the  more  favorable  effect 
of  an  ascending  stream  of  air,  as  compared  with  that  of  an  ascending  stream  of  water, 
upon  the  suspension  of  balls  of  unequal  diameters  and  different  specific  gravities,  is  due  to 
the  narrow  cross-section  of  the  glass  tubes  used  in  the  experiments,  and  that  in  sufficiently 
wide  glass  tubes,  on  the  contrary,  the  separation  must  prove  more  favorable  in  water,  by 
reason  of  the  greater  density  of  the  medium,  as  already  stated  by  the  founders  of  the  theory 
of  ore-dressing.  (J.  C.  Bartlett,  The  Action  of  Small  Spheres  of  Solids  in  Ascending  Cur- 
rents of  Fluids^  and  in  Fluids  at  Rest.  Engineering  and  Afining  Journal^  1877,  vol.  xxiv. 
pp.  102,  129.)  However,  it  must  not  be  overlooked  that,  in  pneumatic  jigging,  the  equal 
falling  grains  suspended  in  the  stream  of  air  are  always  in  narrow  air-spaces,  and  that  in  this 
case  the  larger  grains  in  comparison  with  the  adjacent  smaller,  but  specifically  heavier 
grains,  are  similarly  situated  to  those  in  Krom's  experiment  in  narrow  glass  tubes.  In  the 
opinion  of  the  author,  therefore,  practical  experience  alone  can  decide  which  process,  the 
hydraulic  or  the  pneumatic,  can  effect  the  closer  separation  accordii^  to  specific  gravity 
and  size  of  grain. 

20 
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districts  in  the  mountainous  regions  of  hot  climates,  as  it  permits  ores 
to  be  made  of  use  which  hitherto  have  remained  wholly  worthless  in 
the  ground,  or  have  been  thrown  upon  the  dump  as  valueless. 

PIPE-APPARATUS   WITH   AN  ASCENDING  STREAM  OF  WATER. 

Since  Von  dem  Borne's  early  experiments,  the  pipe-shaped  appa- 
ratus, with  an  ascending  stream  of  water,  have  undergone  a  good 
many  modifications  and  have  been  used  in  numerous  ways,  not  only 
as  a  substitute  for  the  labyrinth  in  sizing  fine  ore-meal,  but  also  in  the 
separation  of  certain  sandy  slichs  coming  from  the  round-buddle  or 
slime-pit  processes,  which  still  form  mixed  products. 

Since  the  introduction  of  continuous  fine-grain  jigging,  however, 
the  use  of  these  machines  for  concentration  has  been  abandoned  on 
account  of  their  great  consumption  of  water. 

In  dressing  the  finely-disseminated  lead  ores  occurring  in  the  soft 
sandstone  of  Bleiberg,  near  Commern,  in  the  Eifel,  near  the  Rhine, 
a  pipe-apparatus  invented  by  Osterspey,  and  called  siphon-washer 
(Heberwasche),  which  acts  on  the  principle  of  an  ascending  stream  of 
water,  has  attained  a  practical,  local  importance  for  washing  off  the 
sand  from  the  fine  lead-ore  grains  (Knollen).*  It  consists  of  a  wooden 
vessel  divided  into  two  compartments,  which  communicate  with  one 
another  and  form  a  continuous  pipe,  and  in  one  of  these  compart- 
ments, which  is  provided  with  a  constant  flow  of  water,  is  a  float  hung 
upon  a  one-armed  lever,  while  the  other  compartment,  from  which  the 
water  discharges  over  a  broad  dam,  contains  a  funnel-shaped,  fine- 
meshed  sieve,  upon  which  the  sands  containing  the  lead  ore  to  be 
dressed  are  fed  continuously.  In  the  apex  of  the  sieve-funnel  there 
is  a  narrow  outlet-pipe,  closed  by  a  stopper.  As  soon  as  the  lead 
ore,  cleared  of  sand  by  the  ascending  stream  of  water,  heaps  itself 
up  to  a  certain  height  above  the  sieve-funnel,  and  the  passage  of 
the  water  is  thereby  hindered,  the  ifloat  is  lifted  by  the  rising  water- 
level,  and  this  in  return  raises  the  stopper  fastened  to  the  float-lever 
by  means  of  a  perpendicular  rod,  so  that  the  lead  ore  is  carried  off 
through  the  outlet-pipe  automatically.  The  apparatus  is  especially 
distinguished  for  its  very  great  working  capacity.  According  to  A. 
Henry,  one  machine,  using  J^  cubic  metre  of  water  per  minute, 
works  up  from  1500  to  1600  tons  of  sand,  containing  lead  ore,  per 
day  of  24  hours. 


*  A.  Henry,  Priparation  micaniqucy  etc.,  Ann.  des  Mines,  1871,  6  s^r.,  tome  xix.  p. 
355;  PI.  X.  Figs.  8.9,  10;  Engineering  and  Mining  Jourftal,  1877,  vol.  xxiii.  p.  121, 
with  plate. 
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In  1868,  Mr.  Dor,  the  engineer  of  the  zinc  smelting- works  at 
Ampsin,  in  Belgium,  repeatedly  constructed,  with  favorable  results, 
at  the  coal  mines  around  Seraing,  a  slight  modification  of  the  slime- 
separator  {Stromapfarat) — employed  for  sorting  stamp-meal — for 
washing  the  slime,  very  rich  in  ash,  which  was  obtained  from  the 
coal-jigs  at  the  coal  mines. 

An  apparatus  consisting  of  a  sheet-zinc  cylinder  of  0.29  metre 
diameter  and  0.50  metre  height,  provided  with  the  necessary  feeding 
and  discharging  arrangements  for  coal,  water,  and  refuse,  worked  up 
the  slime-tailings  from  4  Berard  jigs.  This  coal-slime  contained  45 
per  cent,  of  ash.  One  machine  works  up  from  10  to  12  tons  of  such 
slimes  in  12  hours,  with  four  workmen  for  feeding  the  slimes  and  for 
cleaning  out  the  receiver,  and  requires  6  cubic  metres  of  water  per 
hour;  7  tons  of  washed  coal,  containing  15  to  18  per  cent,  of  ash,  was 
obtained  by  it    The  cost  per  ton  amounted  to  12.80  francs."" 

SETTLING- APPARATUS. 

Of  the  settling-apparatus,  used  for  concentration,  which  have  been 
mentioned  in  the  theoretical  portion  of  this  report,  the  small  round- 
buddies  (Fallkreisel),  such  as  Von  Sparre*s  "Drehpeter,"  Von  Rit- 
tinger's  "  Setzrad,"  and  Hundt's  "  Stromsetzmaschine,"  have  scarcely 
more  than  a  historical  interest,  having  been  pushed  into  the  back- 
ground by  the  Hartz  continuously-acting  jig.  In  fact,  about  twelve 
years  ago,  the  last-named  machine  could,  according  to  the  experi- 
ments made  at  that  time  at  the  Landeskrone  Mine,  in  Siegerland, 
still  be  called  an  important  step  in  advance.f  Evrard's  settling- 
apparatus  has  already  been  discussed  under  jigging-machines. 

The  English  dolly-tub  or  tossing-keeve  (Riihrfass)  may  be  men- 
tioned in  this  place  as  a  very  old  apparatus,  but  one  which  has 
remained  in  use  until  now. 

In  the  simple  form  of  a  tub  provided  with  a  fly-spindle,  which  can 
be  easily  taken  out,  it  is  used  to  this  day  for  the  final  washing  of 
slichs  difficult  of  separation.  The  fall  of  the  ore-grains  is  thereby 
effected,  partly  by  the  centrifugal  force  of  the  rotation,  partly  through 
vibrations,  to  which  the  rotating  ore-slime  is  subjected  by  hammering 
upon  the  iron  bands  of  the  tub. 

*  Berg'  und  HlUtenmdnniscke  Zeitung,  1872,  p.  400,  from  A.  Habets,  Revue  Universelle 
des  Mines, 

f  R.  Jordan,  ZeitsehriftfUr  das  Berg-,  HUUen-^  und  Salinenwesen,  1866,  xiv.  197. 
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SLIME-TABLES. 

After  the  thorough  discussion  of  the  various  forms  of  the  tabular 
slime-apparatus,  for  the  concentration  of  mealy  stuff  containing  ore, 
in  the  theoretical  section  of  this  report,  but  little  remains  to  be  said 
about  the  construction  and  management  of  these  apparatus.  They 
have,  for  the  most  part,  disappeared  from  dressing  establishments 
since  the  jigging  process  has  been  applied  more  and  more  to  fine 
sands  or  meal. 

The  German  slime-pit  and  the  English  round-buddle,  working  in 
a  similar  manner,  adapted  only  to  coarse  sands,  are  in  use,  at  the  pres- 
ent time,  in  isolated  cases  alone. 

Yet  for  working  up  large  masses  of  poor,  coarse,  but  still  fine 
tailings,  containing  ore-particles  (Aftern),  the  convex  conical-buddle, 
where  labor  is  cheap,  still  does  good  work,  because  the  fine  meal  is 
deposited  on  the  apex  of  the  cone,  while  the  coarse  barren  sand  rolls 
to  the  foot  of  the  cone ;  just  as  in  the  German  slime-pit,  the  inclina- 
tion of  the  table,  during  the  descent  of  the  layers  of  meal  fed  upon 
the  conical  table  surface,  is  kept  uniform  through  the  gradual  heaping 
up  of  the  tailings  which  collect  at  the  edge  of  the  table. 

Hundt's  funnel-table,  6r  concave-buddle,  used  at  Siegen,  is  recom- 
mended for  similar  stuff;  but  it  appears  less  adapted  to  the  separation 
of  small  quantities  of  ore  from  large  bodies  of  barren  sands,  because 
the  conical  surface  itself  presents  for  the  former  at  the  apex,  and  for 
the  latter  at  the  circumference,  the  correspondingly  smaller,  though 
relatively  larger  space. 

Both  kinds  of  tables  give  middle  products  only,  which  require  a 
further  concentration  by  other  apparatus,  and  intricate  succeeding 
processes.  Irregularities  and  great  loss  of  ore  are  unavoidable  on 
account  of  their  requiring  the  constant  attention  of  the  workmen. 
The  old-fashioned  plane-  and  sweeping-tables  have  been  retained  to 
a  limited  extent  for  certain  after-processes,  and  for  dressing  tough 
slimes,  by  the  side  of  the  rotating  concave-  and  convex-buddies.  The 
plane-tables  are  especially  serviceable  for  retaining  the  finest  float- 
ing particles  of  ore  from  out  the  dead,  rough  sands,  and  are  often 
used  for  this  purpose  in  ore  jig-washing,  and  especially  in  gold  quartz 
stamping.* 

A.  Henry  states  (in  the  work  already  quoted,  p.  359)  that  a  rotating 


*  Heberle  has,  in  the  dressing  establishment  at  Fahlun,  made  use  of  the  small,  continuous 
table,  provided  with  an  endless  cloth,  to  extract  the  gold  slich  from  the  copper  pyrites 
slich  concentrated  on  the  side-stroke  percussion-table. 
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convex-buddle  of  3  metres  diameter,  at  Silberau,  near  Ems,  on  the 
Lahn,  works  up  about  i  ton  of  slime  in  10  hours.  By  a  combination 
of  two  cast-iron  convex-buddies,  one  over  the  other, — ^the  upper 
one  2  metres  in  diameter,  the  lower  3  metres  in  diameter, — the 
quantity  washed  there  in  the  same  length  of  time  was  increased  to 
5  tons. 

At  the  Central  Dressing  Establishment  at  Clausthal,  in  the  Hartz, 
in  a  similar  combination,  the  upper  buddle  was  5.3  metres,  and  the 
lower  one  4.5  metres  in  diameter.  Concave-  and  convex-buddies  were 
also  often  so  arranged  on  the  same  spindle  that  the  concave-buddle 
was  on  top. 

In  Figure  18  are  shown  the  very  large  rotating  convex-buddies  used 
at  the  washing-works  of  the  copper  mines  of  Lake  Superior.  Ac- 
cording to  M.  Rolker,  who  (in  the  work  above  quoted,  p.  296)  has 
given  clearer  drawings  of  the  construction,  the  diameter  is  5.486 
metres  (18  feet),  the  inclination  of  the  table  5°  39';  the  number  of 
revolutions,  from  i  J^  to  i  J^  per  minute.  A  special  conical  surface 
— Evan's  patent  apron— -is  used  there  for  feeding.  The  concave-  and 
convex-buddies,  besides  their  comparatively  small  working  capacity, 
are  objectionable,  because  the  slichs  obtained  from  them  still  require, 
as  a  rule,  complicated  later  processes,  in  order  to  give  sufficiently 
pure  products  for  smelting  purposes.  For  instance,  the  sharp  sepa- 
ration of  blende  from  lead  ore,  essential  for  metallurgical  processes, 
cannot  be  effected  satisfactorily. 

The  old  percussion-tables,  formerly  in  general  use  in  Germany  and 
Austrian  Hungary,  are  adapted  neither  to  coarse  sand  nor  to  very 
tough  slimes,  and  require  extremely  complicated  subsequent  pro- 
cesses for  the  middle  products.  They  appear  best  adapted  for  clean- 
ing slichs  previously  concentrated  on  other  apparatus.  In  German 
dressing  establishments,  the  end-blow  percussion-table  has  been  sup- 
planted by  the  previously  mentioned  round-buddle.  At  British  or« 
mines  it  seems  to  have  never  been  introduced. 

The  continuous  end-blow  percussion-tables,  with  delivery  above  at 
the  head  end  and  below  at  the  tail  end,  tried  by  Mende,  director  of 
machinery,  in  Freiberg,  in  1797,  and  later  again  brought  into  notice 
by  Hardt  and  Stapff,  have  never  become  of  any  practical  value. 
Nevertheless,  as  has  already  been  mentioned  in  the  theoretical  sec- 
tion, a  similar  apparatus,  though  in  isolated  cases,  has  been  recently 
used  successfully,  it  is  said,  in  copper- washing  at  Lake  Superior.  ♦ 

*  August  Heimbach,  dressing  engineer  at  Franklin,  near  Houghton,  Michigan,  who  has 
patented  a  similar  apparatus,  is  pursuing  this  subject  with  especial  zeal. 
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Theoretically,  much  can  be  said  in  their  favor,  because  their  length 
can  be  reduced  to  a  minimum,  and,  in  addition  to  the  percussion,  still 
other  effective  mechanical  forces  can  be  made  use  of,  depending  on 
the  way  the  vibration  is  applied,  in  order  to  produce  a  close  separation 
according  to  specific  gravity. 

The  steadily  working  cross-  or  side-blow  percussion-table  has 
attained  great  importance.  It  is  one  of  Rittinger's  lucky  inventions, 
and  depends  upon  the  principle  that  mineral  grains  washed  downward 
on  a  slightly  inclined  table  surface  are  driven  by  side-blows  into 
diagonal  curves,  diverging  in  proportion  to  the  specific  gravity  of 
the  grains,  and  the  different  sorts  of  minerals  separated  in  this  way 
are  distributed  into  receivers  lying  at  the  lower  end  of  the  table. 

The  original  plan  of  the  inventor  was  first  tried,  with  doubtful  suc- 
cess, about  twenty  years  ago.*  Palmer,  in  Olahlaposbanya,  in  Hun- 
gary, first  succeeded,  through  a  change  of  construction,  in  obtaining 
a  moderately  successful  result  The  formation  of  a  smooth,  durable 
table-surface,  and  of  an  immovable  foundation,  as  well  as  the  corre- 
sponding adaptation  of  the  percussion  mechanism,  appear,  for  a  long 
time,  to  have  presented  difficulties  at  the  Austrian  dressing  establish- 
ments, which  prevented  a  rapid  adoption  of  the  apparatus. 

According  to  Rittinger  {Aufbereitung,  p.  459),  four  tables,  8  feet 
long  and  4  feet  broad,  worked  up  together  10  to  12  tons  of  stamp- 
meal  in  24  hours,  with  a  driving  force  of  I  horse-power,  and  with 
from  70  to  140  strokes  per  minute. 

While  in  the  German  dressing  establishments  the  side-blow  table 
found  little  employment  beside  the  rotating  convex-  and  concave- 
buddies,  which  were  preferred  for  the  working  up  of  tough  slimes, 
it  reached  a  very  high  degree  of  perfection  in  Belgium,  and,  indeed, 
as  it  appears,  first  at  the  Bleiberg-es-Montzen  Mine,  and  at  the  Alten- 
berg  (Vieille  Montagne)  company's  mine  at  Wilkenradt,  and  from 
that  time  forward — for  the  past  ten  years — has  extended  rapidly  to 
other  countries.f 

According  to  M.  Henry's  communications,  these  favorable  results 
depend  on  the  following  improvements.  The  number  of  blows  was 
considerably  increased, — to  2(X),  250,  and  even  yyo  per  minute, — in 
which  case  the  adjustable  play  was  about  10  to  12  millimetres.  In- 
stead of  wood,  the  cam-shaft  was  made  of  iron,  provided  with  one  or 


♦  Hingenau,  in  the  Austrian  Bergwerks-Zeitung^  1858,  p.  271 ;  Rittinger,  Erfahrungerty 
1862,  p.  33;  G&tzschmann,  Aufbereiiung,  vol.  ii.  p.  493. 

f  A.  Henry,  Priparation  micaniqtu,  Ann.  des  Alines,  1871, 6c  sir.,  tome  xix.  p.  364,  Plate 
XI,    The  theoretical  effect  of  the  side-blow  table  is  here  thoroughly  developed. 
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two  cams,  and  the  complicated  and  unreliable  system  of  levers,  used 
for  transmitting  the  pressure  of  the  cam  to  the  table,  was  either 
replaced  by  a  simple  iron  force-bar  led  by  a  connecting-rod,  or  set 
aside  entirely.  The  foundation  frame,  of  wooden  beams,  is  made 
very  large,  with  solid  foundation  walls,  and  is  firmly  secured  to  the 
spring-beam,  against  which  the  table  strikes  by  the  action  of  the 
springs  that  are  composed  of  strong  wooden  beams  fastened  together, 
and  are  stretched  by  the  cams.  The  percussion-table  frame  was  con- 
structed of  angle-irons,  united  at  the  corners  by  plate  angle-pieces, 
firmly  riveted  from -below,  and  the  wooden  springs  were  exchanged 
for  evolute  steel  springs.  The  cost  of  such  a  double  table,  with  Rit- 
tinger's  beautiful  working  plans,  and  including  the  feed-roller  (Dreh- 
gumpe),  is  stated  at  1573  marks,  but  it  may  now,  by  the  use  of 
Bessemer  steel,  be  made  considerably  cheaper.* 

In  Austrian  Hungary,  the  greatest  variety  of  materials  has  been 
used  for  producing  a  durable,  smooth  table  surface;  for  example, 
maple,  zinc,  linen,  and  india-rubber,  with  which  the  table  bottom, 
composed  of  planks  joined  together  and  supported  by  a  strong 
wooden  frame,  was  covered. 

In  Belgium,  they  adopted  tables  of  sheet-  and  cast-iron,  and  in 
fastening  them  the  expansion  through  heat  was  considered,  in  order 
to  avoid  warping.  Even  with  these,  especially  in  the  cast-iron  tables, 
the  formation  of  rust  was  troublesome.  Plate-glass  cracked  easily. 
Finally  smooth  stone  slabs  of  marble  or  slate,  which  were  made  the 
size  of  the  table  and  2  to  3  centimetres  thick,  proved  the  best. 

In  order  to  prevent  the  often  observed,  slow,  sidewise  creeping  of 
the  wooden  sills  upon  their  foundation,  it  is  said  that  in  the  dressing 
establishment  at  Dam,  on  the  Schelde,  near  Antwerp,  for  working  up 
Sardinian  blendes  containing  very  finely-disseminated  lead  ores,  each 
pair  of  percussion-tables  had  a  cam-shaft  in  common,  so  that  the 
spring-beams  of  both  percussion-tables  were  held  together  by  the 
same  main  sill,  and  the  effect  of  the  impulsion  from  one  side  neu- 
tralized that  from  the  other. 

In  order  to  obtain  a  sufficiently  durable  table  surface  and  to  sim- 
plify the  mechanism,  the  double-tables,  already  invented  by  Rittinger, 
were  usually  employed,  in  which  the  table  frame  formed  nearly  a 
square,  with  sides  about  2  metres  long,  and  each  single  table  surface 
was  0.9  metre  broad. 

The  table  surface,  at  the  lower  end  of  the  table,  is,  in  Belgium, 


*  P.  von  Rittingcr,  Second  Supplement  to  the  Lehrhich  tier  Aufbereitun^kunde,  1873, 
p.  57 ;  Atlas,  Fig.  328. 
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divided  into  four  compartments  by  three  tongues,  which  guide  the 
separated  ores — lead  ore,  blende  containing  lead,  blende  refuse,, and 
deads — ^to  the  receivers  arranged  for  them. 

The  slimes  reach  the  table  on  the  part  of  the  head  that  is  opposite 
to  the  cam,  while  on  the  other  part  of  the  head  (the  side  on  which 
the  blow  is  given)  clear  water  is  introduced  for  cleansing.  The  spe- 
cifically heaviest,  but  small,  ore-grains  go,  with  the  greatest  inclina- 
tion, diagonally  across  the  table  towards  the  percussion  side,  and  are 
hereby  driven  downward  and  cleansed  by  the  very  strong  current  of 
water. 

The  deads  follow  a  direction  corresponding  to  the  inclination  of  the 
table,  and  therefore  continue  down  to  the  foot  upon  the  same  side  on 
which  they  enter.  Upon  the  introduction  of  the  side-percussion-table 
at  the  Bleiberg  washing  establishment  (see  above),  a  difficulty  arose 
from  the  fact  that  the  deads  still  contained  about  2  per  cent,  of  lead, 
while  the  specifically  heavier  blende  refuse,  delivered  alongside  of 
them,  was  wholly  free  from  lead.  It  was  found  that  this  lead  occurred 
in  the  form  of  extremely  thin  scales,  which  floated  on  the  top  and 
were  carried  away  by  the  current  of  water,  without  touching  the  sur- 
face of  the  table.  By  laying  a  straight,  thin  cleat  on  the  surface  of  the 
table,  in  a  diagonal  direction  from  the  middle  tongue,  between  the 
second  and  third  delivery  divisions,  to  the  foot  of  the  table  and  to- 
wards the  feeding  side,  this  trouble  was  fortunately  removed.  By 
this  means  the  lead-ore  scales  in  question  had  an  opportunity  to  sink 
upon  the  surface  of  the  table  in  the  water  held  back  by  the  cleat,  and 
then  by  means  of  the  shock  to  reach  the  percussion  side.  In  case  one 
such  cleat  is  not  sufficient,  a  second  is  fastened  somewhat  lower  down 
on  the  table. 

In  its  working  capacity,  and  in  the  small  cost  of  labor,  the  side- 
percussion-table  is  about  equal  to  the  rotating-buddle.  According 
to  Henry,  a  Belgian  side-percussion-table,  with  two  compartments, 
works  up  from  3  to  7  cubic  metres  of  meal  in  10  working  hours, 
using  one  workman  for  bringing  and  carrying  off  the  stuff. 

Its  essential  advantage  over  the  rotating-buddle  is  the  superior 
purity  of  the  product,  and  the  avoidance  of  further  concentration  of 
the  sHch,  which  is  generally  necessary  on  other  tables. 

The  lead  slich  is  obtained  with  from  75  to  80  per  cent,  of  lead,  and 
from  I  to  2  per  cent,  of  zinc.  The  side-percussion-tables  have  been 
especially  useful  for  dressing  the  very  finely-disseminated  ores,  which, 
as  at  Dam,  near  Antwerp,  contain  a  very  close  mixture  of  galena, 
blende,  iron  pyrites,  and  copper  pyrites. 
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MAGNETIC  AND  ELECTRO-MAGNETIC  CONCENTRATION  APPARATUS. 

In  the  separation  of  a  mixture  of  iron  ores  and  of  ores  containing 
copper  or  zinc, — copper  pyrites  or  blende, — in  which  the  specific 
gravity  of  the  separate  component  parts  varies  little  or  not  at  all,  it  is 
impossible  to  use  a  concentration  apparatus  which  works  entirely 
through  the  difference  of  specific  gravity.  But,  if  the  iron  ore  is  mag- 
netic, like  the  magnetic  iron-stone,  consisting  of  magnetic  oxide  of 
iron,  or  if  they  can  be  changed  into  this  black  oxide  by  roasting,  like 
spathic  iron  ore,  then  the  grains  of  iron  ore  can  be  extracted  from  the 
mixture  by  magnets  or  electro-magnets,  and  the  more  valuable  por- 
tions— that  is,  the  copper  or  zinc  ores — may  be  concentrated  to  the 
degree  required  for  metallurgical  purposes. 

With  copper  ores,  this  treatment  has  lost  much  of  its  practical 
importance,  through  the  advance  made  in  the  extraction  of  copper 
from  poor  ores  by  the  wet  way ;  but  for  zinc  ores,  on  the  contrary,  it 
still  deserves  especial  consideration. 

The  electro-magnetic  treatment  has  hitherto  been  preferred  to  the 
use  of  the  steel  magnet,  because  the  separate  electro-magnets  of  the 
apparatus  could  be  so  arranged  that  they  attracted  the  grains  of  iron 
ore  and  then  let  them  go  again  upon  the  breaking  of  the  electric 
current;  while,  on  the  other  hand,  steel  magnets  must  be  provided 
with  brushing  arrangements  to  sweep  off  the  attracted  iron-ore  parti- 
cles from  the  magnets.  The  electro-magnetic  machines,  however, 
require  special  additional  apparatus,  costly  to  make  and  maintain,  for 
producing  the  galvano-electric  current. 

At  the  important  magnetic  iron  mines  at  Traversella,  in  Upper 
Italy,  the  problem  is  how  to  free  the  magnetic  iron  ore  from  the 
finely-disseminated  copper  pyrites,  containing  about  2  to  4  per  cent, 
of  copper,  in  order  to  produce  pig-iron  free  from  sulphur  and  copper, 
and  further,  of  obtaining  about  as  much  more  copper  ore  from  an 
intimate  mixture  of  magnetic  iron  and  iron  and  copper  pyrites  which 
had  hitherto  never  been  extracted  from  the  mine.  This  was  fortun- 
ately solved,  in  1858,  by  Mr.  Sella,  whose  services  in  Italian  mining, 
and  in  the  gigantic  work  of  first  piercing  the .  Alps,  at  Mont  Cenis, 
with  a  railroad  tunnel,  are  widely  known. 

According  to  the  published  papers  of  Dr.  Bernoulli,  and  the  excel- 
lent drawings  accompanying  them,*  Sella's  electro-magnetic  apparatus 
consists  of  a  cylinder,  composed  of  54  radial  electro-magnets,  making 
about  10  revolutions  per  minute  around  a  horizontal  shaft;  under 

*  Zeitichrift  fUr  das  Berg-^  Huiten-^  und  Saiinenwesmt  1861,  vol.  iz.  p.  171. 
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this  cylinder  an  endless  belt,  about  37  centimetres  broad,  moves 
slowly  over  pulleys,  in  order  to  carry  the  finely-reduced  and  well- 
dried  ore-meal  from  the  hopper  and  deposit  it  under  the  cylinder  in 
the  direction  of  its  length.  The  electric  current,  produced  by  6  large 
Bunsen  cells,  works  on  the  electro-magnets  in  such  a  way,  by  means 
of  the  arrangement  for  opening  and  closing  the  current  in  the  copper 
coils,  that  they  become  magnetic  directly  over  the  feed-belt,  in  order 
to  draw  out  the  fine  particles  of  magnetic  iron  from  the  layer  of  meal 
passing  along  on  the  belt,  and  to  hold  them  during  one-eighth  of  a 
revolution  of  the  belt  from  its  lowest  position. 

At  this  point,  the  current  is  broken  in  each  electro-magnet  in  suc- 
cession, and  the  magnetic  attraction  is  withdrawn,  so  that  the  attracted 
particles  of  iron  fall  upon  two  inclined  slides  placed  at  the  sides  of 
the  feed-belt,  the  upper  of  which  catches  the  pure  magnetic  iron  ore, 
but  the  lower  one  the  particles,  containing  copper,  that  are  carried 
along  in  less  quantity  and  require  still  further  concentration.  The 
feed-belt  carries  the  copper  ore-meal,  freed  from  magnetic  iron,  to  a 
receiver. 

The  electro-magnets,  in  three  rings  (of  18  elements  6ach),  placed 
behind  one  another  on  the  shaft,  are  so  uniformly  divided  that,  during 
the  slow  movement  of  the  feed-belt,  every  point  covered  with  meal 
shall  be  scraped  over  by  the  magnetic  poles. 

The  machine  is  made  in  Paris,  and  costs  5000  francs  at  Traversella 

At  the  time  of  Dr.  Bernoulli's  visit  there  were  two  machines  in 
operation,  each  of  which  worked  up  150  kilogrammes  of  ore-meal 
per  hour,  and  obtained  from  it  about  87  kilogrammes  of  purified 
magnetic  iron  ore  and  44  kilogrammes  of  copper  ore  containing  8  per 
cent,  of  copper. 

The  cost  of  dressing  1000  kilogrammes  (i  ton)  of  the  ore  was — 

Previous  sorting  of  the  ore 1.60  marks. 

Transport  to  the  crushers 0.12  " 

Grinding 1. 10  '' 

Labor  at  the  machine  and  oversight 1.36  " 

Maintenance  of  the  battery 2.19  " 

Lighting 0.21  " 

Repairs       « 0.02  " 

Interest  and  sinking  fund 0.20  *< 


Total  cost  of  dressing 6.80 


« 


From  this  is  to  be  deducted  the  value  of  the  magnetic  ore  obtained 
(587  kilogrammes),  3.20  marks,  and  there  remains  for  the  cost  of 
dressing  300  kilogrammes,  containing  8  per  cent,  of  copper  ore,  3.60 
marks. 
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An  electro-magnetic  separatpr  mentioned  by  Rittinger,  consists  of 
14  vertical  magnets,  which  are  suspended  to  the  bottom  of  a  wagon 
that  rolls  forward  and  back  over  the  endless  feed-belt,  and  are  united 
at  the  poles  to  a  horizontal  rectangular  plate.  While  the  pole-plate 
is  swinging  close  above  the  ore-meal  that  is  moving  forward  on  the 
belt,  the  electro-magnets  operate;  but,  on  the  other  hand,  their  action 
is  stopped  by  breaking  the  current  as  soon  as  the  pole-plate,  by  reason 
of  the  advance  of  the  wagon,  gets  beyond  the  edge  of  the  belt,  in 
order  to  let  the  magnetic  ore-particles  drop  off.  Unfortunately,  as  in 
many  other  communications  of  the  above-named  author  concerning 
dressing-apparatus,  he  has  not  stated  whereabouts  the  apparatus  was 
made  and  how  it  worked  in  practice.* 

A  very  simple  magnetic  separation-drum  has  been  described  by 
Johann  Habermann,  a  pupil  of  Rittinger's,  an  inspector  of  stamp- 
mills  at  Przibram,  in  Bohemia,  with  which  for  a  year  and  a  half  ex- 
periments have  been  made  at  the  dressing- works  there,  with  success, 
for  concentrating  zinc  blende  containing  spathic  iron.f 

Through  the  use  of  permanent,  steel,  horse-shoe  magnets,  the  elec- 
tric-apparatus is  rendered  unnecessary.  In  a  broad,  conical,  and  short 
drum,  made  of  wooden  staves  and  open  at  both  ends,  having  an  out- 
side rim  by  which  it  rotates  upon  friction-pulleys,  the  horse-shoes  are 
so  arranged  that  they  lie,  with  both  their  poles,  inside  the  inner  surface 
of  the  drum,  and  so  that  neither  depression  nor  projection  is  made 
therein,  consequently  both  poles  of  each  magnet  are  utilized.  By 
means  of  the  slow  revolution,  the  magnetic  grains  of  ore  are  collected 
on  the  magnet  and  remain  hanging  to  it,  till  they  reach  a  cylindrical 
brush  at  the  top  of  the  drum,  which  sweeps  them  off  the  surface  of 
the  drum,  by  a  pushing  and  turning  motion,  upon  an  inclined  table, 
leading  to  a  receiver  placed  before  the  drum.  The  expenses,  accord- 
ing to  this  account,  are  merely  for  the  renewal  of  the  brushes,  which 
are  said  to  last  from  two  to  three  weeks. 

The  cost  of  an  apparatus,  1.25  metres  in  diameter  and  0.63  metre 

*  P.  von  Rittinger,  Second  Supplement  to  his  text -book  Die  Aufhereitungskunde^  1873, 
p.  77,  Fig.  338.  According  to  A.  Henry,  PrtparoHon  micanique  d  Pttidram,  Ann,  des 
Mines t  1872,  7e  s6r.,  tome  ii.  p.  292,  experiments  have  been  made  at  Przibram,  in  which 
150  kilogrammes  of  ore  were  worked  up  per  hour. 

t  Austrian  ZeUsckrift  fUr  Berg-  und  Htittenweseny  1877,  vol.  xxv.  p.  47,  Plate  II.  In 
the  same  journal,  1874,  vol.  xxii.  p.  9,  an  older  patent  magnet-machine  by  H.  Simon,  of 
Manchester,  England,  is  mentioned,  in  which  the  magnets  are  arranged  spirally  on  a 
roller,  and  which  is  said  to  be  often  used  in  machine-shops  for  separating  iron  filings  from 
copper  and  other  filings.  The  mixture  to  be  separated  is  placed  in  a  trough-shaped 
vessel,  and  therein  is  steadily  pushed  along  by  the  ends  of  the  magnets,  while  a  brush- 
roller  at  the  top  of  the  magnetic  roller  sweeps  off  the  attached  iron  filings. 
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in  length,  with  48  magnets,  is  said  to  be  600  to  700  marks,  and 
will  work  up  100  kilogrammes  of  ore-meal,  of  1.5  millimetres  size 
of  grain,  per  hour,  with  ^^  horse-power. 

The  magnets  have  arms  315  millimetres  long  and  13  millimetres 
thick,  with  an  interval  of  52  millimetres  between  them,  and  cost  8.80 
marks  apiece.  In  the  experiment  at  Przibram,  spathic  ore  containing 
blende  was  worked  up,  after  previous  reduction  and  roasting. 

Coal  being  at  the  high  price  of  18.40  marks  per  ton,  the  cost  of  i 
ton  (1000  kilos.)  of  ore  worked  up  (i  florin  being  considered  equal  to 
2  marks)  is — 

1.  Crushing  to  1.5  millimetres,  grain  size       .        •        .        .1.20  marks. 

2.  Roasting  in  a  reverberatory  furnace 6.00     ** 

3.  Attendance  for  the  magnetic  apparatus      ....      0.40     " 

Total 7.60     " 

The  products  thereby  were  10  per  cent,  zinc  blende  and  90  per 
cent,  spathic  iron,  from  the  values  of  which  the  profit  per  ton  of  ore 
worked  up  was  reckoned  at  the  high  rate  of  20  marks  per  ton.  At 
any  rate,  the  results  appear  to  encourage  further  use  of  this  apparatus. 

With  magnetic  iron  ore,  which  does  not  need  to  be  roasted,  the 
cost  would  be  diminished  to  1.06  marks  per  ton,  or  about  a  third  only 
of  the  corresponding  cost  with  the  above-mentioned  Sella  machine. 
The  apparatus  would  probably  also  do  very  good  service  in  purifying 
magnetic  iron  ore,  containing  apatite,  for  producing  Bessemer  pig-iron, 
nearly  free  from  phosphorus,  and  at  the  same  time  to  obtain  the 
apatite,  valuable  as  a  manure,  as  a  side  product. 

VII.  HOISTING  MACHINERY  AND  OTHER   MECHANICAL  AIDS. 

I.  Machines  for  Pumping  Water  already  used  in  Dressing. 

In  the  mining  districts,  where  water  can  be  used  at  all,  the  obtaining 
the  necessary  supply  is  always  a  most  important  question,  even  under 
the  most  favorable  circumstances.  As  a  rule,  it  is  inadmissible  to  let 
the  waste  water  flow  into  the  natural  water-courses,  on  account  of  its 
adulteration  by  metallic  slime,  which  is  detrimental  to  vegetation,  to 
fish-culture,  and  to  the  other  uses  of  water. 

The  tailings  must,  therefore,  after  sufficient  clarification  in  slime- 
pits  (see  Section  VI.),  be  raised  again  by  special  water-hoisting 
machines  to  the  storage  basins  of  the  dressing  establishment.  In 
setting  up  the  machines  for  raising  the  dressing-water  already  used, 
three  points  are  essential : 
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1.  The  constant  and  large  quantity  of  water,  which  an  economical 
arrangement  in  regard  to  efficiency  and  use  of  coal  demands. 

2.  The  usually  slight  difference  of  level  between  the  settling-pits 
and  storage-basins,  and  consequently,  a  small  height  of  lift  for  the 
water-hoisting  machines. 

3.  The  disturbing  influence  of  the  slimy  water  upon  the  piston  and 
packing  of  the  pumps. 

The  so-called  "  special*'  steam-pumps,  which,  on  account  of  their 
slow  action  and  small  service,  are  only  suited  for  temporary  purposes, 
and,  for  small  quantities  of  water,  do  not  answer  the  previous  condi- 
tions, and,  even  where  they  were  employed,  have  soon  been  replaced 
by  better  machines.  Indeed,  their  horizontal  position  shows  them 
unfitted  for  slime-water,  on  account  of  the  unequal  wear  of  the  pump- 
piston. 

The  plunger-pump,  placed  in  a  vertical  position,  is,  therefore,  pre- 
ferred to  the  piston-pump,  and  it  is  customary  to  drive  it  by  the  motor 
of  the  dressing-apparatus,  which,  as  a  rule,  is  economically  managed. 

Similar  arrangements  are  used  in  Berard's  and  Evrard's  coal-wash- 
ing works,  and  in  the  copper-dressing  establishments  at  Lake  Superior. 
P.  von  Rittinger  reccommends  rotary  pumps,  which  not  only  answer 
the  above  conditions  (2  and  3)  completely,  but  require  a  minimum  of 
space,  and  on  account  of  their  rapid  revolutions  are  driven  most 
cheaply  and  simply  by  belts  led  from  the  rapidly  revolving  main  shaft 
of  the  works,  and  have  the  additional  advantage  of  a  smaller  first 
cost.  With  proper  construction,  the  first  condition  can  also  be  filled 
satisfactorily,  by  allowing  no  fall  in  the  collection  and  discharge  canals 
to  be  lost.  Great  care  and  cleanliness  are,  however,  required  in 
management,  which  can  seldom  be  attained  in  ore-washing. 

At  the  magnificent,  large  zinc  and  lead  ore  dressing-works,  in 
Upper  Silesia,  in  the  place  of  piston-pumps  they  have  bucket-wheels 
with  iron  rims  and  spokes  of  considerable  size,  constructed  wholly  or 
partially  of  iron,  which  answer  the  purpose  excellently. 

In  the  washing  establishment  at  Scharley,  near  Beuthen,  in  Upper 
Silesia,  such  a  bucket-wheel  13.81  metres  in  diameter  and  i  metre  in 
width,  with  a  rim  0.5  metre  high,  has  been  at  work  for  a  number  of 
years.  This  wheel,  with  a  velocity  of  circumference  of  1.5  metres 
per  second,  raises  4.25  cubic  metres  of  water  per  minute,  a  vertical 
height  of  about  10  metres,  measured  from  the  water-level  of  the 
upper  ditch.  The  driving-engine  works  with  a  small  pinion  into  a 
cast-iron  cog-wheel  bolted  to  the  rim  of  the  water-wheel.  The 
pinion-shaft  is  set  at  the  level  of  the  shaft  of  the  hoisting-wheel,  and 
on  the  masonry  forming  its  foundation.     The  total  cost  of  construe- 
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tion,  an  old  engine  being  used  for  motive-power,  was  33,025  marks, 
the  water-wheel  alone  being  26,726  marks.  The  cost  of  maintenance 
for  a  year  was  1550  marks,  because  only  half  the  time  of  an  engineer 
was  needed,  and  very  cheap  coal,  at  2  marks  per  ton,  was  used  for 
heating  the  boiler. 

At  the  new  blende  and  lead  ore  dressing-works  at  Blei-Scharley, 
under  the  same  management,  such  a  wheel,  of  somewhat  smaller 
dimensions,  has  been  likewise  used,  on  account  of  the  efficiency  of  the 
arrangement  just  mentioned. 

More  rapid  wear  takes  place  with  the  sharp-grained  blende-slimes 
than  with  the  zinc  tailings,  so  that  the  sheet-iron  buckets  will  last 
only  about  three  years. 

They  have,  therefore,  set  up  a  pulsometer  there,  as  a  reserve  appa- 
ratus, which,  aside  from  its  high  consumption  of  steam,  is  said  to  do 
well. 

The  pulsometer  has  been  used  also  at  other  Upper  Silesian  washing 
establishments,  and  has  been  found  perfectly  satisfactory  from  its 
capacity  of  working  in  a  small  space,  and  from  its  cheapness,  and 
simplicity  of  construction  and  maintenance. 

2.  Elevators  for  raising  the  Material  to  be  dressed. 

Where  it  is  possible,  dressing-works  are  so  arranged  that  the  sep- 
arate robms,  and  the  machines  through  which  the  material  to  be 
dressed  passes  during  separate  mechanical  processes,  lie  under  one 
another  in  terraces  or  stories. 

Even  where  there  is  no  natural  inclination  of  the  ground  suitable 
for  terracing,  it  is  customary  to  adhere  to  the  story  construction,  and 
preference  is  given  to  raising  the  raw  material  in  the  cars,  as  it  comes 
from  the  mine,  to  the  highest  stor)^  either  directly  by  the  shaft  hoist- 
ing-machinery, or  by  means  of  special  cranes,  which  are  usually  driven 
by  the  hoisting-engines,  in  order  to  obtain  sufficient  fall  from  apparatus 
to  apparatus,  and  to  wholly  avoid,  or,  at  least,  limit  as  much  as  pos- 
sible, the  lifting  of  the  middle  products. 

This  is  especially  important  where  raw  material  in  large  pieces — as 
hard,  lumpy  ore — is  treated,  for  that  acts  destructively  on  the  inte 
rior  of  the  vessels  used  in  hoisting,  or  like  coal,  which  is  broken  up 
in  filling  and  emptying,  and  is  thereby  depreciated.  In  ore-mining, 
it  is  unavoidable  that  certain  middle  products — ore  to  be  rolled  or 
stamped — must  be  carried  from  the  works  to  the  dump,  temporarily, 
and  be  brought  back  from  there  at  the  proper  time  to  be  worked  over. 
In  such  and  in  other  cases,  where  there  is  an  accumulation  of  mate- 
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rial,  and  horizontal  transportation  cannot  be  avoided,  apparatus  for 
hoisting  cars  must  be  erected. 

With  cranes  which  work  by  means  of  ropes  inclined  planes  are 
preferred, — partly,  because  they  are  less  dangerous  to  the  workmen, 
partly,  because  they  are  better  adapted  for  emptying  the  filled  and 
elevated  cars  automatically. 

In  hoisting  vertically  by  a  rope,  it  is  better  to  make  the  apparatus 
in  such  a  way  that  the  cage  hangs  by  two  ropes,  so  that  if  one  rope 
breaks  the  other  may  prevent  its  fall,  and  also  in  order  that  workmen 
standing  near  the  car,  on  the  cage,  may  control  the  hoist,  and  stop  at 
pleasure  at  every  story  of  the  building  without  being  compelled  to 
stop  the  cage  by  the  insertion  of  the  so-called  caps. 

The  arrangement  of  the  hoist  used  by  William  Sellers  &  Co.  at 
the  Centennial  Exhibition  at  Philadelphia,  for  the  prospect-tower  on 
George's  Hill,  will  serve  as  a  pattern  in  this  respect.  In  fact,  that  one 
was  regulated  by  means  of  belts  and  pulleys,  and  the  transmission  of 
power  to  the  rope-drum  was  effected  by  an  endless  screw. 

The  hoist  can  then  be  run  by  any  transmission  shaft  of  the  dressing- 
works  at  pleasure,  without  having  a  special  attendant  for  it.  The  cost 
of  such  an  arrangement  is  small. 

At  the  above  mentioned  Blei-Scharley  works,  a  similar  hoist  is 
used,  in  which  the  drum  is  moved  by  an  endless  screw. 

Where  there  are  water  reservoirs  at  a  higher  level,  hydraulic  piston- 
lifts  can  be  recommended,  of  which  a  goo  example,  for  a  height  of 
about  22  metres,  was  given  at  the  Paris  Exposition,  in  1867;  for  lesser 
heights,  a  comparatively  feeble  water-pressure  of  i  to  2  atmospheres  is 
sufficient.  Such  piston-lifts  can  be  arranged  so  simply  that  they  are 
only  guided  by  the  attendants,  and  stop  automatically  at  the  end  of 
their  movement*  They  have  also  the  advantage  of  the  rope-hoists 
in  their  greater  safety  and  economy  of  working.  Besides,  it  appears 
important  to  place  a  directly-acting  plunger-piston  under  the  cage, 
and  to  balance  it  with  chains  and  counterweights,  placed  at  the  side 
of  the  cage.  The  weight  of  the  chain  is  to  be  so  adjusted  that  the 
difference  of  hydraulic  pressure  in  the  rise  and  fall  of  the  piston  shall 
be  equalized. 

M.  Evrard  uses  a  water  piston-lift  with  his  hydraulic  classificator 
for  lifting  and  pouring  in  the  charge,  in  which  a  tip-tub,  carried  by 
the  piston,  in  its  lowest  position,  takes  up  the  whole  charge,  and  in 


*  Opportunity  was  given  to  the  author  himself,  a  number  of  years  ago,  to  erect  rope- 
hoists,«and  also  hydraulic  piston-lifts,  according  to  the  system  pointed  out  above,  at  the 
Government  salt-works  at  Sch6nebeck,  which  have  answered  the  purpose  very  well. 


320  INTERNATIONAL  EXHIBITION,  1876, 

its  highest  positibh  empties  it  automatically  into  the  hopper  of  the 
washing-apparatus. 

Pneumatifc  elevators,  such  as  have  been  used  satisfactorily  of  late 
at  blast-furnaces,  have  probably  not  yet  been  used  in  dressing. 

In  dressing,  as  a  rule,  elevators  are  used  for  raising  the  raw  mate- 
rial, reduced  to  small-sized  grains.  They,  however,  require,  in  a 
measure,  continuous  action  while  the  supplying  and  delivering  of  the 
material  goes  on,  and  therefore  they  are  brought  into  direct  con- 
nection with  the  reducing,  sorting,  and  washing  apparatus.  Special 
care  is  used  in  the  construction,  because  otherwise  the  chains  and 
buckets  wear  out  very  fast,  and  require  troublesome  repairs.  Ele- 
vators are  also  used  in  coal-washing  establishments,  which  scoop  the 
material  out  of  large  bins,  provided  with  inclined  bottoms,  or  out  of 
slime-pits,  and  are  so  arranged  that,  in  working,  certain  irregularities 
in  the  supply  and  delivery  of  the  materials  are  admissible.  With  the 
smaller  resistance  of  coal  this  appears  more  allowable  than  with  ore. 

The  elevator  connected  with  a  sorting-drum,  constructed  by  Huet 
&  Geyler,  is  a  serviceable  contrivance.  The  outer  case  of  the  drum 
forms  the  under  sheave  for  the  chain  of  the  elevator,  and  is  provided 
with  discharge  openings,  which  come  over  the  cast-iron  buckets  as 
soon  as  the  latter  reach  the  drum-case  with  their  corresponding 
hollow  sides.  A  similarly  constructed  cast-iron  drum,  with  a  rim, 
serves  for  the  upper  chain-sheave,  receiving  the  raised  material  and 
emptying  it  from  the  bucket.  In  this  way  the  friction  of  the  sharp 
ore-grains  against  the  chain  links,  and  the  wearing  away  of  the 
bucket  edges,  is  avoided.* 

The  bucket  chain  (chaine  a  godets)  serves,  at  the  same  time,  for 
turning  the  sorting-drum,  since  the  upper  sheave  is  placed  on  the 
transmission-shaft. 

As  a  pattern  of  an  extensive  and  systematic  use  of  elevators  for  the 
automatic  working  of  very  complicated  dressing,  the  important  copper 
pyrites  dressing  establishment,  at  Fahlun,  erected  by  E.  Heberle, 
according  to  Rittinger's  principles,  should  be  mentioned,  because  the 
terraced  arrangement  has  been  intentionally  avoided  there,  and  the 
advantage  of  uniting  all  operations  in  one  building,  easily  inspected, 
has  been  attained  with  great  skill. 

For  raising  hard  ore  lumps  or  grains  to  a  small  height,  lifting-wheels 
have  also  been  used  with  advantage,  in  which  the  material  to  be  raised 
is  shaken  into  the  rim  of  a  wheel,  provided  with  inside  buckets,  and 
falls  from  the  buckets  into  a  receiver  at  the  top. 

*  A.  Hahets,  Preparation  mScaniquf,  p.  586,  and  Plate  VII.  Fig.  I ;  P.  von  Rittingcr, 
First  Supplement  to  the  Lehrbuch  der'Aufbereitungskundej  1870,  p.  72,  Fig.  301. 
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These  wheels  correspond,  in  principle  of  construction,  with  the 
cleansing  drums  provided  with  inner  throwing  buckets.  These  were 
used  in  the  oldest  rolling-mills  in  the  Upper  Hartz,  and  are  sometimes 
employed  usefully  to  this  day.  They  are  more  durable  than  the  ele- 
vators, but  require  more  room. 

3.    Horizontal   Transportation   by   means   of   Endless    Belts, 

Screws,  or  Water-Pipes. 

For  moving  the  dry  material  continuously  along  from  one  apparatus 
to  another  within  the  building,  horizontally  or  with  a  slight  incline, 
endless  belts  are  used,  which  are  made  of  hemp  webbing,  leather, 
woven  wire,  or  other  suitable  material,  and  run  on  rollers. 

Screws  are  used  still  oftener  than  belts  for  transportation.  The 
screw,  lying  in  a  wooden  or  metallic  trough,  requires  considerable 
driving-power,  on  account  of  the  friction  of  the  forwarded  grains, 
and  is  subjected  to  great  wear. 

In  coal-dressing  these  inconveniences  are  diminished.  The  forward- 
ing screw  is,  therefore,  often  used  for  coal  slack.  With  moist  and  fine 
materials,  this  is  preferable  to  the  endless  belt,  because  the  latter 
scatters  along  the  way  the  grains  sticking  to  it* 

Hydraulic  transportation  in  pipes  has  been  used  with  advantage  in 
the  washing-works  at  Bleiberg,  near  Commern,  for  forwarding  sandy 
tailings.  Owing  to  the  small  amount  of  lead  (only  a  few  per  cent)  in 
the  raw  material  dressed  there,  very  large  masses  of  deads  are  carried 
from  the  washing-works  to  the  dumps,  which  form  quite  a  hill.  This 
is  done  in  long  pipes.  A  strong  stream  of  water  sucks  the  waste  of 
the  washing-works  into  the  conductor,  and  pours  it  out  on  the  summit 
of  the  dump. 

For  sucking  up  the  waste,  the  water-jet  apparatus  much  employed 
of  late  in  draining  mines  should  be  used.  Steam  injectors  may  be 
used  with  advantage  for  this  purpose,  so  far  as  these  can  be  adapted 
to  circumstances, — like  Korting's  spout,  for  instance.  The  conducting 
pipes  require  only  a  small  cross-section,  even  for  very  large  amounts 
of  material ;  nevertheless,  in  its  arrangement,  care  must  be  taken  to 
avoid  short  bends  in  the  conductor.  This  hydraulic  transportation 
can  be  employed  in  numerous  ways,  by  use  of  the  experience  acquired 
in  hydraulic  gold-mining  and  in  water-works.f 


*  P.  von  Rittinger,  Second  Supplement  to  the  Aufbereitungskunde,  1873,  p.  80. 

t  In  the  pneumatic  foundations  of  the  bridges  over  the  Mississippi  at  St.  Louis,  and  over 
the  East  River  at  New  York,  this  method  of  transportation  has  also  proved  excellent  for 
forwarding  large  masses  of  coarse  gravel. 

21 
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Under  mechanical  contrivances  for  transportation,  the  collection  tip- 
boxes,  first  constructed  by  E.  Heberle  at  the  dressing  establishment  at 
Fahlun,  still  deserve  mention.  These  were  used  for  collecting  and 
drying  the  tailings  from  the  waste  water,  in  order  to  diminish  the  pre- 
cipitation in  the  slime-pits.  The  coarser  portion  from  the  waste  water, 
raised  by  an  elevator,  goes  into  these  tip-boxes,  and  is  emptied  from 
them  into  large  forward ing-cars,  which  are  taken  to  the  dumps  by 
forwarding-ropes. 

4.  Picking  Arrangements. 

The  labor  of  picking  or  culling  (in  Upper  Silesia  called  Klinseln,  in 
Austria  Kutten)  was  formerly  done  by  hand  only, — partly  in  connec- 
tion with  breaking  up  the  sorted  gangue,  partly  after  the  cleansing 


EVRARD'S   ROTARY   PICKER   AND   SCREENER. 

of  the  smalls.  In  the  latter  case,  the  coarse  pieces  of  mineral,  too 
large  for  jigging,  were  emptied  upon  stationary  tables,  and  there 
separated  by  children,  by  hand-picking,  into  deads  and  various  sorts 
fit  for  further  dressing.  At  coal  mines,  which,  of  late,  are  almost 
everywhere  provided  with  screening  arrangements,  the  inclined  screens 
afford  an  opportunity  to  the  pieces  of  slate  sliding  over  the  finer  bar- 
screens  to  become  separated  from  the  cube-  and  lump-coal  without 
further  arrangement. 

M.  Evrard,  in  1852,  at  the  frequently-mentioned  Chazotte  Mine, 
near  St.  Etienne,  in  laying  out  his  ring-jig,  made  use  of  a  rotary 
picker  and  scrcener,  represented  in  Figure  23. 

All  the  coal  extracted  from  the  beds,  except  the  largest  pieces, 
which  are  previously  separated  in  the  mine,  is  thrown  by  three  ad- 
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jacent  tip-cars,  standing  over  a  common  hopper,  A,  upon  a  rotating 
cast-iron  feeding-disk,  and  pushed  from  this  by  a  fixed  scraper-plate 
upon  a  ring-shaped  iron  grating,  with  spaces  of  12  miUimetres  be- 
tween the  grate  bars.  This  grating,  I  metre  wide  and  7  metres  in 
diameter,  retains  the  cube-coal,  and  serves  as  a  picking-table.  Under 
it  there  is  a  ring-sieve  of  the  same  shape,  with  5  millimetres  width  of 
mesh,  which  retains  the  nut-coal,  and  lets  the  slack  fall  upon  a  ring- 
shaped  disk-plate,  which  lies  below.  In  the  inside  of  this  horizontal 
ring  there  is  an  annular  space  between  two  concentric,  vertical,  sheet- 
iron  cylinders,  and  this  is  divided  by  vertical,  radial,  sheet-iron  walls 
into  numerous  compartments  C,  D.  Half  of  these  compartments  are 
provided  with  a  floor  of  such  width  and  depth  that  a  boy  standing 
therein,  as  at  C,  may  be  at  the  right  height  to  command  the  top  of 
the  picking-table  which  lies  before  him. 

The  other  half  of  the  compartments,  alternating  with  the  former, 
are  open  below.  The  openings  are  over  an  iron  annular  disk  E, 
which  receives  the  pieces  of  slate  picked  out  by  the  boys,  and  tossed 
into  the  open  compartments. 

Since  the  picker-boys  move  round  in  a  circle,  with  the  picking-stuff 
spread  out  before  them,  it  lies  steadily  in  range  of  their  eyes  during 
a  whole  revolution  of  the  picking-table,  and  they  are  thereby  aided 
in  rapidly  finding  and  picking  out  the  pieces  of  slate. 

The  material  remaining  on  the  disk  is  kept  in  motion  by  several 
stationary  rakes,  and,  at  the  proper  place,  is  scraped  off  continuously, 
— partly  into  collecting-boxes,  partly  into  forwarding-cars  placed 
underneath;  while  only  the  nut-coal,  of  5  to  12  millimetres  size  of 
grain,  from  the  second  disk  from  the  top  is  led  to  a  small  percussion- 
screen  with  round  holes.  This  operation  serves  for  sifting  the  flat 
pieces  of  slate  which  have  fallen  through  the  grating  of  the  picking- 
table,  mechanically,  from  the  nearly  cubical  nut-coal. 

According  to  Evrard's  statement,  a  picking  and  screening  table  of 
this  kind  is  said  to  be  able  to  work  up  100  tons  of  coal  per  hour. 

In  ore-dressing,  simple  disk-shaped  picking-tables  are  used,  which 
rotate  about  a  vertical  spindle,  while  the  workmen  stand  around  the 
table  and  pick  out  the  valuable  pieces  of  mineral  from  the  raw  mate- 
rial, which  is  thinly  spread  out,  and  slowly  passes  before  their  eyes ; 
and  at  the  same  time,  also,  they  separate  it  into  several  kinds, — sorted 
gangue,  crushing  ore,  stamping  ore,  or  even  into  further  classes,  to  be 
worked  over  separately. 

Sometimes  each  workman  has  the  picking  out  of  a  distinct  sort 
assigned  to  him,  and  a  contract  made  according  to  the  amount  of 
metal  contained  in  it. 
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By  this  plan  the  pieces  of  mineral,  which  form  the  greater  part  of 
the  stuff, — ^the  deads, — are  left.  But  it  may  also  happen,  with  very 
rich  ores,  that  the  deads  form  the  smaller  portion,  and  are  picked  out. 
The  portion  left  lying  on  the  disk  is  shoved  mechanically  by  fixed 
scrapers  into  forwarding  vessels  placed  underneath. 

At  the  Paulus  coal  mine,  in  Upper  Silesia,  rotary  picking-tables  are 
used,  which  have  two  concentric  ring-disks.  The  inner  one,  which  is 
somewhat  the  higher,  is  used  for  picking  out  the  nut-coal,  while  the 
cube-coal  is  picked  on  the  outer  disk. 

With  the  endless  picking-belts,  the  mode  of  working  is  the  same. 
At  the  Blei-Scharley  Mine  an  endless  picking-belt  is  used,  woven  of 
iron  wire,  after  the  &shion  of  a  shirt  of  mail,  with  a  breadth  of  about 
I  metre,  and  an  available  leng^th  of  7.5  metres,  and  it  moved  with  a 
velocity  of  about  9  metres  per  minute.  There  are  tracks  on  both 
sides  for  the  cars  used  in  carrying  off  the  deads  picked  out  Over 
the  picking-belt  there  is  a  suspended  track,  on  which  are  small  hang- 
ing vessels  for  receiving  the  lead  ore.  The  gangue,  containing  ore, 
is  taken  by  the  belt  directly  to  the  rollers.  The  belts  last  about 
three  months.  On  account  of  the  complicated  mechanism  and  wear 
of  the  belts,  the  rotating-table  is  usually  preferred. 

5.  MEANS  OF  TRANSMISSION. 

The  great  number  of  apparatus  for  reducing,  sorting,  concen- 
trating, and  mechanically  moving  the  masses  to  be  dressed,  demands 
a  complicated  mechanism  in  order  to  convey  driving-power  from  the 
chief  motive  agent  to  the  separate  parts  of  the  machinery  with  the 
desired  velocity. 

In  place  of  the  former  clumsy,  slowly-turning  shafts  and  gearing, 
may  now  be  found  nearly  everywhere  quickly-revolving  iron  counter- 
shafts with  driving  belts.  Since  most  of  the  apparatus  requires  quick 
motion,  and  the  working  capacity  of  a  counter-shaft,  or  of  a  belt,  in- 
creases in  proportion  to  its  rate  of  speed,  it  is  essential  to  make  this 
rate  as  high  as  possible. 

With  increased  speed,  therefore,  greater  accuracy  is  necessary  in 
setting  the  journals  of  the  shafts,  as  well  as  in  their  technical  construc- 
tion. The  European  establishments  have  not  yet  reached  the  point 
of  perfection  in  this  respect  that  obtains  in  the  United  States  in  the 
building  of  machinery.  William  Sellers  &  Co.,  of  Philadelphia,  for 
exarnple,  give  to  their  shafting  for  wood-working  machinery  250 
revolutions  per  minute.* 

*  In  fact,  spinning-machines  from  this  establishment  are  capable  of  making  300  to  400 
revolutions  per  minute. 
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For  that  reason  the  shafts  are  made  exactly  cylindrical  by  turning, 
so  that  the  belt-pulleys  may  be  shifted  at  will,  according  to  the 
various  positions  of  the  apparatus  to  be  driven.  Belts  of  hemp 
webbing  covered  with  india-rubber  have  been  much  used  of  late  in 
place  of  leather  ones. 

Horse-hair  belts,  too,  notwithstanding  their  high  price,  have  proved 
to  be  excellent,  on  account  of  their  durability,  but  they  do  not  bear 
crossing.  The  arrangement  of  dressing-works  seldom  requires  a 
transfer  of  motion  by  means  of  a  single  counter-shaft,  nor  is  it 
advisable  to  give  this  too  great  a  length. 

The  wire-rope  transmission  used  by  Hinn  in  the  wet-dressing 
works  at  Mvilhausen,  offers,  therefore,  great  advantages,  when,  for  in- 
stance, the  power  is  to  be  transmitted  to  a  distance  of  30  metres  or 
more.  E.  Heberle,  at  the  Fahlun  dressing-works,  has  used  this 
method  with  favorable  results. 

For  the  transfer  of  working  forces  of  minor  power,  such  as  are 
used  with  most  of  the  dressing-apparatus,  small  cotton  cord,  or  even 
hemp  rope  of  moderate  size,  is  to  be  preferred  to  wire  rope.  These 
demand  a  great  velocity,  but,  on  the  other  hand,  on  account  of  their 
lightness  and  flexibility,  allow  a  much  greater  variety  in  placing  the 
shafts,  are  much  handier,  and  also  cheaper  to  maintain  than  belts, 
and  cause  no  such  inconvenient  obstruction  as  the  couplings  of  wire 
rope  do.  It  appears,  however,  that  this  improved  mechanism  has 
not  yet  been  brought  into  use  in  dressing  operations. 


VIII.  GENERAL  REMARKS. 

I.  Architectural  Arrangements  and  Construction  of  Works 

AND  Conducting  the  Business. 

In  the  architectural  arrangement  of  dressing- works,  the  introduc- 
tion of  rolling-mills  into  England,  in  the  beginning  of  the  latter  half 
of  the  present  century,  brought  about  decided  advances  by  rendering 
possible  a  concentration  of  higher  skill  combined  with  the  aid  of  ma- 
chines, together  with  a  corresponding*  disuse  of  hand-separation,  and 
by  settling  upon  a  suitable  division  of  the  working  space  for  the 
crushing-stuff  and  the  small-stuff. 

The  introduction  of  more  efficient  purifying-  and  sorting-drums,  as 
well  as  that  of  the  mechanical  jig,  at  the  Upper  Silesian,  Rhenish- 
Belgian,  and  Hartz  dressing  establishments,  required  the  employ- 
ment of  more  powerful  engines,  and  a  concentrated,  easily-overseen 
disposition  of  the  numerous  apparatus  moved  by  them. 
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The  starting-points  of  the  advance  at  that  time  were  the  plane-tables 
of  Von  Carnall  (afterwards  mining  superintendent),  made  for  the  gov- 
ernment dressing-works  of  the  Friedrich  Mine,  at  Tarnowitz  in  Upper 
Silesia,  and  for  the  Altenberg  Joint-Stock  Company  (Societe  Anonyme 
de  la  Vieille  Montagne),  at  the  Altenberg  calamine  mine,  at  Moresnet, 
near  Aix-la-Chapelle.  The  numerous  dressing-works  of  the  company 
afterwards  built,  on  the  Rhine,  in  Belgium,  at  Immekeppel  and  Steinen- 
briick,  near  Bensberg ;  Silberband,  near  Mayen,  and  at  Welkenradt, 
in  Belgium,  under  the  intelligent  guidance  of  mining-director  Max 
Braun,  at  that  time  their  chief-engineer,  gave  opportunity  for  compre- 
hensive experiments  and  a  new  order  of  arrangements.  The  theo- 
retical principles  of  Von  Sparre  and  Von  dem  Borne  here  found 
practical  application,  and  led  to  the  use  of  the  classiiicator  for  coarse, 
mealy  stuff,  with  an  ascending  stream  of  clear  water,  and  to  the  em- 
ployment of  the  Upper  Hartz  pointed-trough. 

The  use  of  Rittinger's  pointed-box  for  sorting  and  condensing 
tough  slimes,  in  Austrian  Hungary,  exerted  considerable  influence 
also. 

Since  the  old  German  long  labyrinth  sluices,  with  their  middle 
products,  requiring  frequent  handling,  had  been  given  up,  the  tailings 
from  the  purifying-drums,  rollers,  and  stamps  were  sufficiently  con- 
densed in  the  before-mentioned  compact  sorting-apparatus,  in  order  to 
convey  them  to  the  concentrators  in  a  steady  flow  through  correspond- 
ingly short  launders.  The  automatic  co-operation  of  these  machines 
with  the  reducing-  and  sorting-contrivances  was  at  the  same  time  ar- 
rived at  for  dressing  sands,  or  mealy  stuff,  and,  in  addition  to  the  great 
saving  in  wages,  a  closer  combination  of  the  apparatus  in  a  smaller 
space  was  rendered  possible.  Hand  in  hand  with  it  went  the  improve- 
ment in  the  jigging-machines,  in  respect  to  the  automatic  delivery  of 
the  jigged  products  by  the  use  of  iron  in  construction  (suggested  by 
Berard,  Carnall,  and  others),  whereby  the  operation  of  continuous 
jiggi^ig  on  an  ore-bed,  employed  for  coarse  sands,  hitherto  washed  on 
tables,  led  to  a  complete  overthrow  of  the  fundamental  plan  formerly 
pursued.  The  work  of  laying  out  dressing- works  and  preparing  the 
apparatus  and  contrivances  needed  in  them,  should,  according  to  the 
principles  of  a  division  of  labor,  be  a  special  field  for  the  civil-engi- 
neer and  machinist,  under  whose  skillful  fashioning  the  earlier  clumsy 
and  perishable  wooden  tools  and  machines  have  been  changed,  even 
in  the  smallest  details,  into  handy,  durable,  and  serviceable  apparatus, 
systematically  combined  for  working  up  large  masses  of  material 
automatically. 

This  turning-point  was  clearly  recognizable,  even  at  the  Paris  Ex- 
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position  in  1867,  although  the  reform  was  then  only  in  its  first  stage 
of  development.  The  frequently-mentioned  essay  of  Habets  denotes 
the  state  of  things  in  the  very  building  plans  shown  there  for  the  new 
Central  Washing- Works  at  Clausthal,  at  that  time  only  just  pro- 
jected. The  account  is  completed  by  Henry's  excellent  traveling 
notes  upon  the  dressing  establishments  in  Belgium,  in  the  Rhine 
provinces,  and  at  Przibram,  in  Bohemia ;  by  the  special  articles  upon 
the  dressing  establishments  at  Steinenbriick,  near  Bensberg  on  the 
Rhine,  and  at  Scharley,  in  Upper  Silesia,  in  Schonfelder's  compila- 
tion ;*  by  Evrard's  thoroughly  discussed  papers  upon  his  coal- 
washing  works ;  and  finally  by  the  text-books  of  Gatzschmann  and 
Rittinger. 

In  the  old-fashioned  dressing-works  there  stood  endless  rows  of 
jigs;  large  rooms  were  filled  with  all  kinds  of  washing-tables,  and  a 
great  crowd  of  workmen  busy  everywhere  in  attending  the  separate 
apparatus,  and  transporting  the  various  products  forward  and  back 
on  extended  tramways. 

Habets  proves,  nevertheless,  that  the  primitive,  old,  English  dress- 
ing system,  which  depended  principally  on  hand-labor,  and  at  that 
time  in  use  at  Stolberg.  near  Aix-Ia-Chapelle,  competed  economically 
and  successfully,  especially  in  its  results,  with  the  dressing-works  of 
the  German  system,  which  were  filled  with  machinery. 

In  the  magnificent  dressing  establishments  erected  during  the  last 
ten  years,  the  automatic  working  of  ores  and  coal  seems  developed  to 
a  high  degree  of  perfection. 

The  Central  Washing- Works  at  Clausthal  and  the  stamp-mills  at 
Lake  Superiorf  present  excellent  examples  of  the  use  of  hill  slopes 
for  the  terrace  system  of  arrangement.  The  cleansing  of  the  small 
stuff  by  a  previous  breaking  up  of  all  the  lumps  by  means  of  stone 
crushers  and  stamps  takes  place  at  the  top ;  farther  down  come  the 
reduction  of  the  larger  crushed  stuflT  by  coarse  rolling-mills,  and  the 
picking  out  and  rough  jigging  of  the  coarse  jig-grains ;  still  lower 
down,  the  further  reduction  of  the  disseminated  ore  in  fine  rolling- 
mills,  the  sorting  of  the  finer  sands  and  meals  in  drums,  hydraulic 
classificators,  and  automatic  fine>grained  jigs,  in  closest  connection 
therewith. 

On  the  lowest  story  of  the  terrace  system  are  the  stamps  for  the 
very  finely  disseminated  gangue  from  the  jigs,  together  with  their  meal 

♦  Sch5nfelder,  Die  baulichen  Anlagen  auf  den  Berg-^  HUtten-^  und  Salinenwtrksen  in 
Preussen,  published  as  a  supplement  to  Der  Zeitschrift  fur  das  Berg-,  Hutten-,  und  Sali* 
nenioerksenf  1861-63,  vol.  ii.  p.  i.,  Plate  I.-IV. ;  vol.  iii.  p.  17,  Plate  I.-IX. 

f  Compare  the  cross-section,  Figure  ii,  and  the  ground*plan,  Figure  18. 


328  INTERNATIONAL  EXHIBITION,  1876, 

classificators,  system  of  pointed-boxes,  meal-jigs,  and  a  comparatively 
limited  number  of  percussion-tables  and  rotating  round-buddies. 

With  finely-disseminated  ores,  as  at  Lake  Superior,  the  coarse  and 
fine  rolling-mills  are  usually  left  out  of  the  system  described,  because 
such  ores,  afler  the  previous  breaking  up  of  the  heavier  pieces,  are 
taken  directly  to  the  stamps.  For  ores  very  finely  disseminated,  table- 
shaped  washing-apparatus  is  used,  only  exceptionally,  for  the  concen- 
tration of  the  greater  portion  of  the  ore,  as  in  the  before-mentioned 
Sardinian  ores  worked  up  in  Belgium,  or  for  the  California  gold  ores. 
As  a  rule,  the  materials  to  be  dressed,  whether  ore  or  coal,  go  to  the 
continuously- working  jigs,  and  only  a  comparatively  small  portion  of 
them — the  tough  slimes — ^are  treated  on  tables. 

Where  the  location  is  unfavorable  to  the  terrace  construction,  as  at 
the  magnificent  Meinerzhagen-Bleiberg  works,  near  Commern,  in  the 
Eifel,  and  at  the  new  blende  and  lead  ore  washing-works  of  Blei-Schar- 
ley  Mine,  near  Beuthen,  in  Upper  Silesia,  the  arrangement  in  several 
stories  over  one  another  is  used  with  success. 

In  these,  the  preparatory  operations  of  washing  the  stuflT  to  be  jigged 
take  place  on  the  ground-floor,  exactly  in  the  same  way  as  is  done 
in  the  terrace  construction  on  the  upper  story.  Only  small  quantities 
of  disseminated  gangue  from  the  jigs  and  the  fine  meals  are  raised 
by  machines,  in  order  to  be  again  reduced,  or  are  led  through  the 
pointed-troughs  to  the  fine-jigs. 

As  an  example  of  a  compact  but  roomy  arrangement  of  the  story 
system,  and  of  high  working  capacity,  the  dressing-works  at  Blei- 
Scharley  may  here  be  considered  more  closely. 

The  massive  main  building  is  10  metres  broad,  22  metres  long,  and 
contains  in  its  four  stories,  the  uppermost  of  which  projects  about 
12  metres  over  the  ground-floor,  the  apparatus  for  working  up  the 
granular  products.  The  driving-engine  and  boiler  are  in  a  side  wing 
of  the  main  building.  The  slime-washing  works,  in  a  second  wing, 
have  an  elevator-wheel  for  raising  all  the  tailings  coming  from  the 
main  building,  also  a  system  of  pointed-boxes  for  condensing  it,  with 
4  continuously-acting  meal-jigs,  of  4  divisions  each,  annexed  thereto, 
for  working  up  the  condensed  tailings.  The  tailings  from  the  pointed 
boxes  go  back  to  the  jigs. 

The  uppermost  story  is  used  for  pouring  the  smalls  into  the 
cleansing  drum,  whose  hopper  is  covered  with  an  iron  grating,  which 
allows  only  pieces  less  than  70  millimetres  diameter  to  fall  through  it 

The  coarser  pieces  remaining  on  the  grating,  together  with  the 
lump  ore  from  the  mine,  are  carried  to  the  rock-crusher,  which  stands 
close  by  it,  and,  afler  being  broken  to  the  size  of  25  millimetres,  are 
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likewise  led  to  the  cleansing-drum  by  means  of  a  forvvarding-screw. 
On  the  opposite  end  of  the  same  story,  and  in  an  attic  built  especi- 
ally for  them,  are  the  winding-drums  of  a  car-lift,  which  is  moved 
by  an  endless  screw,  driven  by  a  belt,  and  which  forms  the  means 
of  transportation  between  all  the  stories.  The  cleansing-drum 
allows  the  fine  grains,  together  with  the  tailings,  to  fall  through 
holes  5  millimetres  wide  made  in  the  ring-shaped  face-plate,  through 
a  vertical  trough  to  one  of  the  two  fine  sorting-drums,  and  forwards 
the  larger  grains  into  the  coarse  sorting-drums,  which  are  extensions 
of  the  others. 

The  latter  pour  their  product,  consisting  of  grains  of  from  25  to 
70  millimetres  diameter,  upon  a  woven-wire  picking-belt,  from  which 
the  deads  and  the  pure  pieces  of  ore  are  picked,  while  the  gangue 
containing  ore  falls  from  the  belt  into  a  system  of  forwarding-screws, 
which  carry  it  to  one  of  the  three  rolling-mills. 

Each  drum  yields  three  sorts  of  grains  of  from  5  to  8,  8  to  15,  and 
15  to  25  millimetres  diameter.  Each  of  these  is  led  directly  to  a 
coarse-grained  bed-jig  of  two  divisions,  which  is  only  for  the  purpose 
of  removing  the  deads  as  skimmings,  and  to  concentrate  the  ore- 
gravel  into  two  sorts,  which  are  further  reduced  in  two  of  the  rolling- 
mills  placed  lower  down,  and  are  sorted  in  the  two  fine-sorting  drums. 
In  these  the  meal  and  the  slime  tailings  are  next  separated  by  a 
ring-shaped  face-plate,  with  holes  2  millimetres  wide,  in  order  to  be 
further  sorted  in  the  two  stream  classificators  belonging  to  them. 
The  drums  yield  as  siftings,  grains  of  3,  4,  5,  6.5,  and  8  millimetres 
diameter. 

Each  drum  division  pours  its  grain-sorts  into  a  special  Hartz  bed- 
jig  of  4  divisions.  These  jigs  yield  galena  in  the  first  division,  and 
blende  in  the  three  following  divisions.  The  tailings,  consisting  of 
dolomite,  fall  directly  into  the  trough-shaped  tip-cars.  The  product 
of  the  sorting-drums  falls  into  a  similar  car,  and  is  again  taken  to  the 
rolling-mills  by  means  of  the  lift. 

Hand-labor  is,  therefore,  limited  to  picking,  attending  the  jigs,  and 
the  transportation  of  the  several  products  to  the  store-house  and  the 
dump.  In  other  respects,  the  process  of  dressing  goes  on  automatic- 
ally, especially  by  free-fall  in  the  dressing  apparatus  itself.  The 
number  of  mechanical  contrivances  for  horizontal  transportation  and 
raising  of  the  minerals  is  the  smallest  possible.  The  rather  too 
great  economy  of  space  in  the  works,  on  the  one  hand,  and  on 
the  other  the  direct  transfer  of  the  products  of  the  rough-jigs  to 
the  rollers,  which  become  overburdened  at  times,  have  proved  dis- 
advantageous.    In  the  latter  respect,  the  gathering  of  the  products 
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in  sorting-boxes,  and  the  regulating  of  the  feed  by  hand,  are  to  be 
recommended.* 

Attention  should  be  drawn  to  the  important  dressing-works  at 
Stora  Kopparberg,  near  Fahlun,  in  Sweden,  built  by  E.  Heberle,  in 
1868-70,  as  being  the  most  prominent  achievement  in  the  way  of 
ingenious  arrangement  and  automatic,  closely-connected  mechanical 
contrivances,  upon  a  horizontal  plane,  for  diminishing  hand-labor. 
The  character  of  the  ore — for  the  most  part  poor,  finely-disseminated 
copper  pyrites,  containing  but  little  gold — here  presented  uncommon 
difficulties,  and,  in  the  arrangement  of  the  works,  required  numerous 
separations  according  to  the  contents  of  the  ore  to  be  worked  up,  by 
the  employment  of  a  great  many  washing-tables,  especially  Rittinger*s 
side-blow  percussion-table. 

In  regard  to  details,  reference  must  be  made  to  the  thorough  and 
excellent  description  of  this  establishment  as  well  as  the  principles 
there  followed,  and  the  practical  working  of  the  same,  published  by 
the  builder,  in  1872,  in  vol.  xxxi.  of  the  Berg-  und  HuttenmanniscJie 
Zeitung ;  for  the  space  here  given  permits  of  only  a  hasty  sketch  of 
this  master-work  in  its  general  outlines. 

This  extensive  concern,  consisting  of  three  horseshoe-shaped  one- 
story  buildings,  connected  together,  is  built  with  massive  double 
walls,  inclosing  a  stratum  of  air  for  protection  against  the  severe  cold 
of  winter,  besides  being  provided  with  double  windows,  and  having 
the  spaces  between  the  rafters  sheathed  with  boards  and  filled  with 
sawdust. 

The  working  up  of  the  poorer  smalls  and  the  richer  gangue  follows 
in  separate  apf5aratus,  which  are  systematically  arranged  in  the  build- 
ing. The  rock-crusher,  rollers,  and  stamps,  as  well  as  the  cleansing- 
and  sorting-drums,  and  the  continuously-acting  jigs,  are  set  up  in  the 
middle  chamber,  in  such  a  way  that  the  reducing  and  cleansing 
machines,  together  with  the  first  sorting-drums  and  rotating  picking- 
tables,  lie  in  a  row,  while  the  wings  on  both  sides  are  occupied  by 
the  stamp-batteries.  The  middle  and  fine  grain  sorting-drums  follow 
in  a  second  row,  with  their  proper  system  of  elevators,  and  the  jigs 
stand  in  a  third  row.  This  chamber  is  83.6  metres  long,  16  metres 
wide,  and  6  metres  high. 

Similar  apparatus  are,  for  the  most  part,  so  arranged  in  pairs,  near 
each  other,  that  the  members  of  each  pair  can  be  worked  together  or 

alone,  alternately. 

- 

*  The  author  is  especially  indebted  to  Herr  Kunitz,  director  of  the  mining  works  at 
Scharley  and  Blei-Scharley,  for  his  obliging  and  extensive  communications  upon  the  con- 
dition of  dressing  there. 
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In  the  stamp>mill  every  10  or  20  stamps  are  always  connected  with 
the  motive-power  by  separate  transmission  ropes  or  belts. 

In  case  of  repairs,  therefore,  or  of  lighter  work  in  any  place,  the 
separate  apparatus  and  machines  can  be  stopped  without  interrupting 
the  progress  of  the  other  work  in  any  way. 

The  large  lumps  of  ore  from  the  mine  and  the  picking-tables  are 
loaded  into  cars  by  a  crane,  and  are  carried  away  on  tramways  above 
the  tie-beams  of  the  roof  to  the  cleansing-drums,  rock-breakers,  rolls, 
and  stamp-mills.  The  granular  stuff  from  these  is  raised  by  an  ele- 
vator to  the  sorting-drums,  and  then  runs  through  a  series  of  coarse- 
grain  drums  and  one  of  fine-grain  drums,  placed  in  a  row  close  to 
them  ;  so  that  this  process  of  sorting  requires  two  elevators  working 
together.  The  drums  lie  high  enough  to  empty  the  sorted  gravel 
directly  into  the  jigs.  By  this  means,  great  steadiness  in  feeding  the 
jigs  is  also  secured. 

The  two  wings  of  the  building  serve  for  working  up  the  richer  and 
poorer  stamp-meals  separately.  Each  wing  is  58  metres  (195  feet) 
long,  and  24.4  metres  (82  feet)  wide,  and  consists  of  two  rooms.  The 
room  lying  nearest  the  main  chamber  contains  the  side-blow  percus- 
sion-table, with  the  classificators  (Spitzlutten)  belonging  to  it,  for 
working  up  the  sandy  meals ;  the  compartment  lying  farther  off  con- 
tains the  rotating  convex-buddies,  with  the  large  pointed-boxes  per- 
taining to  them,  for  working  up  the  tough  slimes.  The  pointed- 
troughs  and  pointed-boxes  lie  so  high  that  the  condensed  slime 
therein  is  conducted  directly  to  the  washing- table.  The  slime  from 
the  cleansing-  and  sorting-drums  is  condensed  in  special,  funnel-shaped 
settling-apparatus,  and  then,  in  company  with  the  tailings  from  the 
stamps  and  the  waste  from  the  fine-grain  jigs,  is  raised  by  a  special 
elevator  to  the  pointed-troughs  and  pointed-boxes.  The  refuse  from 
the  side-blow  percussion-table  is  subjected  to  a  further  process  on 
continuous  plane-tables,  and  the  copper  contents  are  thereby  reduced 
from  0.8-1.2  per  cent,  to  0.3-0.4  per  cent.,  and  then,  after  conden- 
sation in  funnel  settlers,  is  raised  by  an  elevator  to  special  tip-cars, 
by  means  of  which  it  is  more  conveniently  discharged  upon  the  dump 
(see  Figure  16). 

2.  RANGE  OF  HAND-LABOR;   DRESSING  COSTS  AND  LOSSES. 

The  important  advances  in  mechanical  dressing,  at  least  in  dimin- 
ishing the  amount  of  hand-labor,  loss  of  ore,  and  cost  in  the  modern 
establishments  as  compared  with  the  older  ones,  can  be  proved  by 
figures.  Yet  technical  literature  presents  only  unsatisfactory  statis- 
tical data  for  a  true  comparison.     It  is  also  to  be  observed,  that  with 
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the  recent  perfection  of  practice,  large  masses  of  poor  ores  have  been 
brought  to  the  dressing-works,  which  formerly  went  to  the  dump  as 
worthless,  and  that  as  the  expenses,  and,  more  especially,  the  loss  in 
working  poor  ores  is  wont  to  be  higher,  the  results  of  the  present 
time  cannot  be  brought  into  comparison  with  earlier  ones,  without 
a  consideration  of  all  accessory  circumstances.  Nevertheless,  it  is 
worth  while  to  present  a  few  examples  here.  A.  Habets  mentions  in 
his  often  quoted  report  upon  the  Paris  Exposition  (p.  627),  that 
at  the  Breinigerberg  Mine,  at  Stolberg,  near  Aix-la-Chapelle,  com- 
parative experiments  were  made,  in  i860,  between  the  German  and 
English  methods  in  use  at  that  time. 

These  experiments  gave  per  ton  of  similar  zinc  and  lead  ore,  com- 
posed of  199  kilogrammes  zinc,  107  to  109  kilogrammes  lead,  and 
642  to  672  grammes  silver,  in  ore  extracted  by  the  German  method, 
369  kilogriammes ;  by  the  English,  430  kilogrammes  of  pure  product. 
The  blende,  by  the  former  method,  contained  in  the  jig-gravel  38.2 
per  cent,  zinc  and  lo.i  per  cent,  lead;  in  the  slich  35.1  per  cent,  zinc 
and  12.3  per  cent,  lead ;  by  the  latter  method  was  obtained  in  the  jig- 
gravel  36.5  per  cent,  zinc  and  9.92  per  cent,  lead ;  and  in  the  slich 
36.6  per  cent,  zinc  with  about  as  much  lead. 

The  galena,  by  the  former  method,  contained  in  the  gravel  5.4  per 
cent,  zinc  and  73.9  per  cent,  lead ;  by  the  latter  method  6.78  per  cent, 
zinc  and  7042  per  cent.  lead. 

The  yield  of  metal  has  been  accurately  determined  by  weighing  and 
assaying  the  ore  obtained  after  working  up,  and  the  loss  of  metal  in 
dressing  by  the  German  as  compared  with  the  English  method  was — 

German.  English. 

In  zinc    43.45  per  cent,  in  contrast  to  .         .        .         .  43.20  per  cent. 

"  lead    56.66       "  «  ....  33.61       « 

"  silver  71.63       "  "  ....  61.65       " 

In  experiments  which  were  made  in  1865  and  1866,  at  ten  of  the 
most  important  zinc-washing  works  in  Upper  Silesia,  the  loss  of  metal 
in  the  tailings,  varying  with  the  amount  of  zinc  in  the  ore  dressed, 
was,  according  to  an  unpublished  paper  by  Frief  (mining  assessor  and 
inspector  of  manufactures),  deposited  in  the  records  of  the  chief 
mining  office  at  Breslau,  as  follows : 


Zinc  in  Ore. 

Loss  of  Zinc. 

Waste. 

5  per  cent. 

85  per  cent. 

92. 7  per  cent. 

7      " 

73      " 

86.3       « 

9-10      " 

34.4-50.5      " 

62.4-40.3       «* 

12      " 

36.6^7.4     '' 

66.4-67.4       " 

15       « 

28.4      « 

48.7       " 
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The  average  amount  of  zinc  produced  in  this  case  was  only  from 
14  to  24  per  cent. 

The  new  dressing-works  at  the  Blei-Scharley  Mine — whose  blende 
department  has  been  described  above  in  section  i — ^produced  in  the 
year  1876— 

a^  In  the  blende  works,  from  34,260  tons  of  raw  ore  16,020  tons  blende  and  293  tons  lead  ore. 
b,      **     calamine  "       "    20,592       "         "       8,167    "    zinc       "    618 


Total         .        .        54,852       "  "      24,187    "      "  "    911 


((  (4 


M  « 


that  is,  from  i  ton  raw  ore,  441  kilogrammes  zinc  ore  and  166  kilo- 
grammes lead  ore. 

These  works,  without  the  boilers,  cost  320,000  marks.  Reckoning 
the  total  cost  at  400,000  marks,  the  annual  outlay  of  15  per  cent  for 
repairs  and  sinking-fund  amounts  to  60,000  marks,  or  1.09  marks  per 
ton  of  crude  ore. 

The  running  expenses  in  1876  were — 


For  wages 
"    coal 
"    repairs 

Total 


96,510  marks,  or  1.76  marks  per  ton  of  raw  ore. 
5,594     «       "  0.10     "  "  " 

12,000     "       "  0.22 


114,104     "       "  2.08 
Add  interest  and  sinking  fund        60,000     *<       '<   1.09 


« 

« 

(( 

« 

«< 

C( 

«< 

M 

« 

«  it  u 


Giving  a  grand  total  of  174,104      "       "3.17      " 


<«  « 


According  to  Kunitz  {Baul.  AnL^  iii.  p.  36),  the  running  expenses 
of  the  washing  establishment  at  Scharley  in  the  last  quarter  of  1863, 
were  0.952  mark  in  the  calamine  department  and  4.43  marks  in  the 
lead-ore  department,  with  an  average  of  1.24  marks  per  ton  of  crude 
ore. 

According  to  Frief  (as  before  mentioned),  the  cost  of  dressing  in 
1866,  at  the  very  important  mechanical  calamine-washing  works  in 
Upper  Silesia,  was  to  each  ton  of  crude  ore  washed,  including  trans- 
portation to  the  works,  almost  uniformly  1.50  marks,  and  further, 
that  in  i860  at  one  of  the  washing-works  of  the  Elizabeth  Mine  (built 
by  him  in  1859), 

The  dressing  costs  were i'035  marks. 

Interest  and  sinking  fund 0*383     " 

Total 1.418      " 

In  comparing  these  figures  with  the  Blei-Scharley  ones  above,  we 
must,  however,  consider  that  the  blende  ores  dressed  at  the  latter  place 
are  considerably  more  difficult  to  work  up,  on  account  of  their  hard- 
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ness  and  intimate  mixture  with  galena,  than  the  calamine,  mixed  with 
clay  and  soft  dolomite,  which  was  formerly  the  only  kind  washed 
there,  and,  further,  that,  through  the  application  of  jigging  to  the 
gritty  meal  of  the  tailings,  the  former  very  considerable  loss  of  metal, 
both  lead  and  zinc,  has  been  considerably  diminished. 

In  general,  it  appears  in  these  comparative  experiments  at  the 
Upper  Silesian  calamine  washing-works,  that  the  cost  of  dressing  a 
ton  of  crude  ore  varies  very  little,  even  taking  into  account  the  differ- 
ences in  the  pure  ore  contents,  under  the  similar  conditions  existing 
there.  Unfortunately,  the  figures  for  an  explanation  of  this  advance 
are  wanting  in  the  older  accounts  respecting  the  amount  of  crude  ore 
manipulated,  and  the  number  of  workmen  employed. 

According  to  the  before  mentioned  communications  by  Heberle 
upon  the  Fahlun  dressing  establishment,  in  the  fiscal  year  of  1870-71 
wdre  worked  up  there  194,265  Swedish  centners  of  crude  ore,  contain- 
ing 2.889  P^**  cent.,  or  a  total  of  5612  centners  of  copper,  and  therefrom 
were  obtained  55,005  centners  of  smelting-ore  with  an  average  of 
8.17  per  cent,  or  a  total  of  4494  centners  of  copper.  The  loss  in 
dressing,  with  a  2.84-fold  concentration,  was  therefore  19.92  per  cent 
of  the  metal  contents. 

In  these  operations,  57  workmen  and  3  foremen,  in  all  60  men,  were 
employed.  So  that  the  yearly  product  per  head  is  3408  centners  of 
42.5  kilogrammes  each,  or  145  tons  of  dressed  ore. 

The  special  dressing  expenses  in  the  way  of  wages  and  superin- 
tendence are,  on  the  average,  0.291  marks  per  centner  of  smelting-ore ; 
that  is,  according  to  the  above  proportion,  0.291 :  2.84  =  0.1025  mark 
per  centner  of  crude  ore,  or  2.41  marks  per  ton  of  same.  Wages 
were  only  slightly  higher  than  at  Blei-Scharley,  in  spite  of  much 
more  difficult  circumstances. 

In  the  statistics  concerning  the  management  of  the  Quincy  Mining 
Company,  published  in  the  technical  journals  of  the  Lake  Superior 
copper  districts,  the  following  noteworthy  figures  are  given  of  the 
results  in  1870  and  187 1  of  the  dressing-works  of  this  company  at 
Hancock,  in  which  the  ordinary  Cornish  stamps  are  used : 

Crude  ores  stamped*           .         .         .  55,027  tons.  67.112  tons. 

Average  copper-contents     .        .         .  2.61  per  cent.            2.61  per  cent. 

Working  days  in  the  year   .         .         .  283                         292^ 

Cost  of  stamping  and  washing  per  ton  $2.15  I1.085 

According  to  C.  M.  Rolker,t  at  the  dressing-works  of  the  Atlantic 

*  At  Lake  Superior  i  ton  =  2000  pounds  =  907.2  kilogrammes. 

f  T/te  Engineering  and  Mining  Journal^  1877,  vol.  xxiii.  p.  335.     There  are  12  work- 


GENERAL   REPORT  OF  THE   JUDGES  OF  GROUP  I,         335 

Mine  at  Houghton,  Lake  Superior,  where  3  Ball  stamps  and  56  jigs 
are  used  and  53  workmen  employed,  80,000  tons  (72,576  metric  tons) 
of  crude  copper  ore  were  dressed  during  the  working  year  of  1875- 
j6\  that  is,  about  1369  metric  tons  to  each  workman  per  year,  or  nine 
times  the  above-mentioned  capacity  of  the  Fahlun  works.  This  very 
much  greater  capacity,  as  was  confirmed  by  that  author  on  the  spot, 
is  due  to  the  working  up  greater  masses  at  once  and  to  the  simplicity 
of  the  process  required  for  dressing  the  specifically  heavy  native 
copper. 

The  amount  of  coal  used  in  24  hours  was  143^  tons,  at  $$.QO\  of 
oil,  I  barrel  (45  gallons)  in  two  weeks,  at  ^45.00  per  barrel.  In  the 
same  report  is  given  the  following  table  of  figures  (here  reduced  to 
the  metric  system),  compiled  from  reliable  returns,  to  show  the 
economical  results  of  some  of  the  Lake  Superior  stamp-mills  for  the 
working  year  of  1875-76: 
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From  this  table,  the  cost  of  dressing  appears  about  1.5  to  2  times 
as  high  as  in  Upper  Silesia  and  Fahlun.  The  monthly  wages  of  a 
washer  in  Upper  Silesia  are  from  20  to  40  marks,  varying  with  the 
age  and  sex ;  or  scarcely  a  quarter  of  the  pay  given  at  the  stamp- 
mills  of  Lake  Superior,  just  quoted.  If  the  considerably  higher  cost 
of  materials  there  be  also  considered,  the  results  of  the  above  table 
appear  extremely  favorable.  Another  important  advantage  is,  that 
all  the  tailings  of  the  stamp-mills  pass  off  with  the  waste  water  into 
the  lake,  without  further  expense. 


men  for  handling  the  ore,  at  ^40.00;  8  firemen,  at  ^7.00;  2  foremen,  at  $70.00;  2  ma- 
chinists for  repairs,  at  JI55.00;  I  smith,  at  $60.00;  2  copper  cleaners,  at  $70.00;  18  boys, 
at  $25.00  in  the  main  works:  also,  I  washer,  at  $70.00;  and  5  boys  in  the  tail-house,  at 
$25.00  per  week ;  that  is,  47  hands  in  the  main  works  and  6  in  the  tail-house,  making  a 
total  of  53  workmen. 
*  Stamped  ore  to  I  ton  (2000  pounds)  coal. 
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The  loss  of  metal  in  dressing  is  certainly  very  large  there,  and 
arises  partly  from  the  floating  copper-scales,  and  partly  from  finely- 
disseminated  copper-particles  in  the  coarse  tailings.  It  is  owing  to 
this  that,  at  the  Atlantic  washing- works,  the  tailings  from  the  jigs 
still  contain  0.84  to  1.36  per  cent.,  and  those  from  the  convex-buddies 
0.78  to  0.90  per  cent  of  copper. 

These  works  consume  8316  litres  of  water  per  minute,  or  to  each 
ton  of  crude  ore  stamped  41.35  tons  (cubic  metres)  water  in  24  hours. 

Unfortunately,  European  ore  districts  present  no  such  regular  sta- 
tistical publications  of  working  results  for  comparison. 

3.  STATISTICS  CONCERNING  THE  USE  OF  VARIOUS  APPARATUS  AND 

THE  NUMBER  OF  WORKMEN. 

The  advance  in  the  art  of  dressing  may  also  be  shown,  in  a  charac- 
teristic manner,  by  a  statistical  comparison  of  the  number  of  apparatus 
and  workmen  employed  therein,  so  far  as  the  mineral  products  of 
certain  ore  districts  or  countries  may  be  considered.  Although  simi- 
lar facts  of  earlier  times  are  wanting,  the  more  recent  statistics,  never- 
theless, present  a  proper  means  of  estimating  the  technical  stand-point 
reached. 

E.  Heberle  gives  the  following  inventory  of  apparatus  at  the  copper 
washing- works  at  Fahlun,  in  1870-71 :  32  stamps,  2  rock-breakers,  i 
set  of  rolls,  30  sorting-drums,  6  pointed-troughs,  2  pointed-boxes,  6 
conical  separators  (for  condensing  the  tailings),  25  hydraulic  continu- 
ous-jigs, 4  rotary  convex-buddies,  6  Rittinger  percussion-tables,  13 
continuous  plane-tables,  1 5  elevators,  and  I  crane. 

The  working  force  was  60  workmen  and  foremen. 

The  general  mining  statistics  of  the  kingdom  of  Prussia,  of  Dec. 
I,  1875,  gave  the  following  apparatus  in  use:* 

1.  At  Coal  Mines: 

2  rock-breakers,  9  sets  of  coarse  rolls,  24  sets  fine  rolls,  19  Schleu- 
dermiihle,  8  cone-mills,  2  muller-pans,  189  sorting-drums,  34  per- 
cussion-screens, I  slime- separator,  13  sets  of  pointed-boxes,  226  con- 
tinuous hydraulic  jigs,  26  not  continuous,  and  10  other  jigs,  and  3 
rotary-buddies. 

2.  At  Lignite  Mines : 

10  sorting-drums  and  55  percussion-screens. 

3.  At  Iron  Mines : 

2  stamp-mills,  45  stamps,  8  rock-breakers,  6  sets  of  coarse  and  5 
of  fine  rolls,  60  cleansing-  and  sorting-drums,  I  percussion-screen,  3 

*  Zeiischrift fUr  das  Berg-^ IHUten-^und  Salinenweien^  1876,  vol.  xxiv.,  Stotistics,  p.  229. 
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slime-separators,  5  meal-classiiicators,  i  set  of  pointed-boxes,  26  con- 
tinuous hydraulic  jigs,  46  not  continuous,  and  2  other  jigs,  2  round- 
buddies,  4  rotary-buddies,  6  common  and  2  Rittinger  percussion- 
tables,  and  15  plane-tables. 

4.  At  Ore  Mines: 

98  stamp-mills,  with  172 1  stamps  (26  of  them  for  dry  work),  68 
rock-breakers,  100  sets  of  coarse  and  115  of  fine  rolls,  i  muller-pan, 
968  cleansing-  and  sorting-drums,  ii  percussion-screens,  67  slime- 
separators,  95  meal-classificators,  160  sets  of  pointed-boxes,  17 14 
continuous  hydraulic  jigs,  440  not  continuous,  and  138  other  jigs,  221 
round-buddies,  162  rotary-buddies,  90  sweeping-tables,  153  common 
continuously-working  percussion-tables,  35  of  Rittinger's  and  25 
others,  and  99  plane-tables. 

5.  In  Other  Mining: 

4  rock-breakers,  2  coarse  rolling-mills,  I  Schleudermuhle,  14  cone- 
mills,  27  muller-pans,  8  cleansing-  and  sorting-drums,  39  sweeping- 
tables,  183  plane-tables. 

These  figures  gave  further  a  statement  of  the  number  of  workmen 
and  of  the  kinds  of  motors,  with  their  respective  horse-powers. 
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The  improvement  of  the  dressing  processes  at  the  Prussian  mines, 
both  in  their  separate  branches  and  as  a  whole,  is  shown  by  the  ratio 
of  hands  there  employed  to  the  total  number  of  miners.     On  the  ist 


*  In  the  number  of  workmen  and  steam-engines  here  given,  seem 'to  be' included  the 
men  and  machines  employed  in  making  the  so-called  briquettes  (Presssteine),  which  manu- 
facture is  limited,  in  Prussian  coaI>mining,  to  certain  bituminous  coal  mines  only,  but  form 
9ne  of  the  most  important  means  in  brown-coal  mining  for  bringing  tfie  heavier,  moist» 
gravelly  coal  into  market. 

22 
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of  December,  1875,  this  was:  in  the  mining  of  hard  coal,  1.42  per 
cent;  of  bituminous  coal,  4.15  per  cent;  of  iron,  11.16  per  cent;  of 
ore,  24.26  per  cent ;  of  other  kinds,  8.77  per  cent. ;  in  mining  gener- 
ally, 5.89  per  cent 

The  advance  of  technics  will  probably  be  marked  by  the  forma- 
tion of  suitable  statistical  tables  of  working  results  in  the  important 
mining  districts,  as  a  common  necessity  for  the  further  development  of 
the  art  of  dressing,  and,  supported  by  the  public  spirit  of  a  technical 
union,  everywhere  busy,  will  lead  to  the  collection  of  material  for  a 
comparative  statistical  review  of  actual  results,  as  has  been  customary 
for  a  long  time  in  other  branches  of  mining  and  metallurgy.  The 
adoption  of  the  metric  system  of  weights  and  measures,  begun  in  the 
United  States,  and  already  introduced  into  the  most  advanced  coun- 
tries of  Continental  Europe,  will  facilitate  the  rapid  survey  of  the  state 
of  progress  or  want  of  it  in  individual  countries. 

•Breslau,  Dec,  1877. 

COAL-MINING   MACHINERY. 

BY  ACHILLE  JOTTRAND. 

The  vast  coal-fields  which  enrich  the  United  States  are  chiefly  near 
the  surface.  The  different  basins  composing  the  same  are  crossed  by 
numerous  valleys  of  erosion,  and  the  strata  appear  on  the  sides  of  the 
hills.  The  greater  part  of  the  mining  is  therefore  done  in  horizontal 
galleries  above  the  level  of  the  valley,  or  in  slopes  dug  into  the  vein 
from  the  surface.  The  beds  are  generally  thick,  free  from  choke- 
damp  and  deleterious  gases,  and  consequently  the  mining  of  coal 
is  not  subject  to  the  many  difficulties  encountered  in  most  of  the  Eu- 
ropean mines.  Up  to  the  present  time  no  underground  waters  have 
been  met  with,  the  crossing  of  which  always  involves  great  expense. 
The  installation  of  perfect  machinery  for  extraction,  working  with 
rapidity  and  economically,  and  adapted  for  very  deep  mines,  is  not  re- 
quired in  the  United  States,  where  the  extraction  through  galleries  or 
from  a  slight  depth  will  suffice  for  many  years  to  come.  The  mining 
as  it  is  done  in  the  United  States  does  not  require  the  same  system  of 
lighting,  ventilating,  and  transportation,  which  is  absolutely  necessary 
in  other  countries  for  the  protection  of  the  miners*  lives.  The  almost 
complete  abstention  of  the  United  States  from  exhibiting  mining 
machinery  was  no  doubt  to  be  attributed  to  this  fact 

On  the  other  hand,  Europe  exhibited  but  a  very  small  number  of 
mining  machines  and  apparatus.     The  distance,  and  the  difficulty  of 
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transportation  and  erection,  caused  the  foreign  representatives  of  this 
industry  to  abstain  from  displaying  their  machinery ;  besides,  they 
could  count  but  little  upon  the  application  of  their  systems  to  Amer- 
ican mining. 


COAL-CUTTING  MACHlxVES   AND   MECHANICAL  COAL  SEPARATORS. 

The  idea  of  effecting  mechanically  the  separation  of  the  coal  from 
the  inclosing  rocks  originated  in  England.  This  country  is  almost 
the  only  one  which  pursues  the  study  and  perfection  of  these  machines. 

The  exhibition  included  three  English  and  one  American  coal 
cutters.  None  of  the  systems  combined,  however,  sufficiently  satis- 
factory dispositions  for  their  application  in  irregular  and  thin  layers, 
which  are  most  frequently  met  with,  and  require  a  very  economical 
process  of  extraction. 

While  the  best  efforts  in  this  direction  have  not  yet  been  made, 
it  is  interesting  to  establish  the  fact  that  great  progress  has  been 
made  in  their  application. 

First  of  all,  a  few  words  on  the  coal-drilling  machines  of  M.  Macder- 
mott,  London,  England.     (Figures  I,  2,  3,  page  340.) 

The  different  devices  shown  at  the  Exhibition  are  rather  ingenious 
for  facilitating  hand-drilling,  making  the  work  more  active  and  re- 
ducing the  cost  of  manual  labor.  The  auger  is  replaced  by  a  gimlet 
of  greater  power;  the  slack  passes  through  the  screw  without  making 
the  removal  of  the  tool  necessary.  The  advance  of  the  tool  is  pro- 
duced by  means  of  an  endless  screw  fitted  with  a  crank  at  the  opposite 
extremity  from  the  tool,  and  passing  through  a  nut  attached  to  an 
iron  stanchion,  wedged  in  between  the  roof  and  the  sides  of  the  layer. 
The  nut  revolves  on  its  bearing,  and  allows  of  directing  the  tool  in  all 
desirable  positions. 

The  depth  of  the  sounding  may  be  increased  by  connecting  iron 
rods  between  the  gimlet  and  the  endless  screw,  as  is  customary  with 
the  common  sounding  apparatus. 

The  device.  Figure  2,  is  recommended  for  drilling  or  sounding 
against  the  roof  of  the  layer.  The  power  is  transmitted  by  pulleys 
connected  by  chains,  whereas  the  device  shown  in  Figure  3  is  adapted 
to  the  drilling  of  holes  above  and  below  the  normal  range  of  the 
workman's  arm,  in  order  to  facilitate  the  work.  The  crank  is  con- 
nected to  the  nut  at  the  end  of  the  tool  by  means  of  a  bevel-gang. 
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MECHANICAL  ENGLISH  COAL-CUTTER. 
(System  of  GiadhUi,)     Exhibiied  by  William  Baird  &  Co.,  of  Coatbridge^  Scotland. 

The  machine  acts  on  the  coal  by  means  of  an  endless  chain,  armed 
with  teeth  or  blades,  revolving  around  a  shive  or  solid  plate,  Py  se- 
cured over  the  coal.  The  machine  is  driven  by  compressed  air, 
brought  from  the  sur&ce  through  pipes,  under  a  pressure  of  35  to  40 
pounds  to  the  square  inch.  The  housing  of  the  machine  consists  of 
a  strong  cast-iron  frame  6  feet  long  and  3  feet  wide,  mounted  on  four 
wheels ;  on  this  frame  are  fixed  two  horizontal  cylinders,  converg- 
ing towards  a  first  vertical  shaft,  carrying  the  crank.  A  pinion  is 
fastened  on  this  shaft  and  revolves  a  wheel  keyed  on  a  second  shaft 
parallel  to  the  first,  at  the  lower  end  of  which  a  toothed  wheel  gears 
with  the  endless  chain  which  revolves  the  cutters.  The  front  part  of 
the  shive  which  carries  the  gearing  around  which  the  chain  revolves, 
passes  under  the  cast-iron  frame  supporting  the  engines.  The  shive 
with  the  chain  receives  a  circular  motion,  directing  it  towards  the  coal 
which  is  to  be  separated ;  it  is  made  in  halves  and  secured  together 
by  screws.  This  device  serves  to  keep  the  chain  constantly  tight- 
ened. The  latter  consists  of  flat  links  (English  chain),  each  link  being 
enlarged  at  one  end  for  the  purpose  of  holding  the  blades.  The  chain 
is  made  of  cast-steel,  and  the  cutters  of  good  tool  steel.  The  width 
of  each  cutter  is  2J^  inches. 

The  machine  advances  automatically  in  proportion  to  the  clearing 
of  the  coal,  by  means  of  capstans  placed  at  both  the  forward  and  after 
ends  of  the  frame,  so  as  to  work  both  ways.  An  ordinary  chain  is 
attached  to  a  stanchion  fixed  in  the  mine  close  under  the  working 
surface ;  it  revolves  on  the  drum  of  the  capstan,  which  latter  is  re- 
volved very  slowly  and  in  proportion  to  the  depth  at  which  the  knives 
are  cutting  into  the  coal.  The  rotary  motion  is  produced  on  a  ratchet- 
wheel  of  the  drum  by  a  connecting  rod,  receiving  its  to-and-fro 
motion  through  an  eccentric  keyed  on  the  second  vertical  shaft  of 
the  motor.  The  machine  runs  on  a  track  twenty-one  feet  long,  con- 
sisting of  a  series  of  rails,  3  feet  long,  connected  by  iron  ties.  The 
track  is  advanced  by  taking  up  and  then  placing  forward  the  rails 
over  which  the  machine  has  already  passed. 

The  driving-cylinders  are  6  inches  in  diameter,  with  a  stroke  of  9 
inches.  The  face  of  the  drum  working  the  chain  is  3  feet,  the  cutters 
therefore  working  the  coal-bed  to  a  depth  of  3  feet,  which  may, 
however,  be  increased.  The  width  of  the  cut  is  2J^  inches.  The 
machine  can  advance  and  work  in  all  directions ;  its  height  is  2  feet. 

The  inventors  claim  that  it  will  advance  300  to  350  feet  with  a  depth 
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of  3  feet  in  8  to  10  hours,  producing  75  to  90  tons  of  coal,  assuming 
the  vein  to  be  2^  feet  thick.  It  requires  two  men  and  a  boy  to  run  the 
machine. 

The  movements  of  the  mechanical  coal  separator  are  not  adaptable 
to  the  undulations  and  irregularities  met  with  in  most  coal  mines. 
The  apparatus  would  give  entire  satisfaction  in  a  uniform  layer,  and 
good  results  would  be  obtained  where  it  is  only  required  to  detach 
a  regular  coal-vein,  which  is  free  from  slate  beds  or  bony  layers.  The 
cut  in  the  coal,  which  is  the  result  of  the  cutting  chain,  is  as  slight  as 
possible,  and  the  waste  of  coal  therefore  insignificant.  This  is  in  itself 
a  good  result;  but,  unfortunately,  it  must  be  taken  into  consideration 
that  a  bony  or  slaty  bed  is  found  in  nearly  all  layers  of  coal,  and  that 
the  necessity  prevails  to  attack  this  before  all  other  points,  in  order  to 
separate  the  coal  from  its  impurities. 

The  slate  or  bone  beds  are  of  irregular  thickness  and  hardness ;  the 
mechanical  separator  would  remove  as  much  coal  as  bony  matter  if 
the  layer  be  thin,  or  will  only  cut  a  notch  in  the  mass  if  the  trace  be 
thicker.  In  either  case,  it  would  be  necessary  to  complete  the  work 
of  separating  the  slaty  matter  from  the  coal  by  hand  with  the  aid  of 
ordinary  tools.  This  latter  work  would  be  facilitated,  it  is  true,  by 
previous  mechanical  work,  but  the  time  consumed  and  the  difficulties 
met  with  in  placing  and  moving  the  machine  would  necessarily  prove 
a  drawback. 

ENGLISH   COAL-CUTTER. 
{System  of  Holmes  6*  Payion,  London,) 

Messrs.  Holmes  &  Payton  exhibited  a  mechanical  cutter  in  which 
a  kind  of  saw,  working  by  impact,  is  substituted  for  the  dredge  with 

knives. 

The  machine  is  represented  by  Figures  4,  5,  and  6,  which  are 
respectively  a  plan,  a  section  through  the  direction  of  the  motion, 
and  a  transverse  section.  (N.  B.— The  drawings  were  furnished  me 
by  the  exhibitors.) 

The  parts  of  which  it  is  composed  are  designated  by  the  same 
letters  in  all  three  figures. 

A,  A,  represents  a  double  platform  of  cast-iron,  between  the  faces  of 
which  the  vertical  driving-shaft,  e\  transmits  by  cranks  or  gearing 
the  motion  to  the  two  shafts,  d\  and  through  these  to  the  shafts  c 
and  ^,  which,  by  means  of  eccentrics,  communicate  the  motion  to 
the  toothed  blade  or  cutting  saw.  B  represents  a  movable  iron 
frame,  carried  on  wheels,  and  running  on  rails,  intended  to  give  a  for- 
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ward  motion  to  the  platform  by  means  of  the  pinion/^  and  the  toothed 
rack  A,  fixed  along  the  whole  lengtli  of  the  frame,  a,  a  represents  the 
cutting  tool,  consisting  of  a  strong  steel  blade,  which  is  attached  to 
the  two  eccentrics  in  order  to  give  it  rigidity ;  the  teeth  are  inserted 
in  the  plate  and  operate  like  picks,  each  tooth  advancing  on  the  same 
plane,  and  describing  circles  according  to  the  impulse  of  the  eccentrics. 
The  length  of  the  plate  is  3  feet. 

In  starting  the  work  the  movable  frame  is  brought  on  the  track 
to  the  point  of  attack,  the  platform  is  turned  by  means  of  the 
crank  of  the  pinion  acting  on  the  toothed  collar  which  surrounds 
the  platform,  until  it  is  nearly  parallel  to  the  face  of  the  coal-vein. 
As  soon  as  the  rotary  motion  is  given  to  the  eccentrics  and  the 
pointed  knife  haa  advanced  into  the  body  of  the  coal  at  a  right  angle 
to  the  surface,  the  advance  is  made  automatic  by  means  of  a  lever, 
which  throws  the  pinion  into  gearing  with  the  toothed  rack.  The 
apparatus  exhibited  is  driven  by  four  horizontal  single-acting  cylinders 
fastened  on  the  top  of  the  platform  and  working  on  the  same  crank. 
This  driving-machine  presents  a  new  and  rather  ingenious  device. 
It  is  worked  by  steam,  but  may  also  be  driven  by  water  or  com- 
pressed air. 

This  mechanical  coal-cutter  is  lighter  and  of  a  more  simple  con- 
struction than  the  preceding  one.  It  stands  only  i  ^  feet  high,  in- 
cluding the  driving-machine.  Its  length  is  2^  feet,  and  the  length 
of  the  movable  frame  is  from  14  to  16  feet.  This  length  may  be 
reduced  at  will,  but  it  would  make  it  necessary  to  remove  more  fre- 
quently the  tool,  in  order  to  bring  it  back  again  to  the  head  of  the 
toothed  rack,  the  length  of  which  is  reduced  with  that  of  the  frame. 

The  efficiency  of  Messrs.  Holmes  &  Payton's  coal-cutter  has  not 
as  yet  been  demonstrated  by  practice,  experiments  having  only  been 
made  by  the  inventors.  The  simplicity  of  its  working  parts  and  its 
peculiar  mode  of  action  distinguish  jt  from  others.  The  teeth  of  the 
cutting  blade  act  by  blows  as  the  picks  used  in  hand-labor.  It  is  to 
a  certain  degree  a  " rivelaine'^*  with  several  teeth,  worked  mechanically, 
cranks  being  substituted  for  the  hands  of  the  workmen,  where  they 
would  be  applied  to  the  handle  of  the  tool ;  but  the  objection  to  the 
other  machines  holds  good  with  this  one,  inasmuch  as  economical 
results  can  only  be  obtained  in  regular  and  thick  layers,  where  the 
cutting  is  purely  done  in  coal,  without  a  slate  bed.     The  machine  can 


*  Rtvelaine  is  a  peculiar  kind  of  pick  used  in  Belgian  coal-mining.  It  has  been  used 
in  Yorkshire  for  "  nicking"  or  "  bearing"  coal.  The  action  of  this  machine  corresponds 
really  to  the  swinging  of  a  pick.     It  is  not  used  in  the  United  States. 
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only  be  used  to  advantage  under  a  solid  roof,  not  needing  any  sup- 
ports, which  would  materially  interfere  with  its  progress. 

We  will  admit,  with  the  inventors,  that  this  machine  is  lighter  and 
cheaper  than  all  others  previously  invented,  that  it  will  cut  quickly 
with  less  power  and  with  as  little  waste  as  others ;  but,  on  the  other 
hand,  we  must  maintain  that  the  clearance  of  the  slack  is  not  effected 
as  completely  as  by  machines  provided  with  dredging-chains,  and 
that  the  slack  must  often  foul  the  tool. 

The  machine  strikes  300  to  400  blows  per  minute,  the  opening  of 
the  cut  is  from  ^  of  an  inch  to  i  inch  to  a  depth  of  3  feet.  The  in- 
ventors claim  an  advance  of  8  to  12  inches  per  minute,  according  to 
the  hardness  of  the  rock  or  coal. 

AMERICAN  COAL-CUTTER. 
BrowfCs  Monitor  Coal-Cutter, 

This  machine  was  exhibited  by  Messrs.  Niblock,  Zimmermann, 
&  Alexander ;  it  is  now  in  use  in  the  shafts  of  Coal  Brook  Mine,  No. 
3,  near  Brazil,  Indiana,  and  is  the  only  coal-cutter  employed  in  the 
United  States.  It  is  constructed  on  the  principle  of  the  English  Glad- 
hill  machine,  exhibited  by  William  Baird  &  Co.  The  work  is  also 
done  by  means  of  a  dredging-chain.  Some  modifications  have  been 
made  which  improve  the  use,  although  they  increase  the  weight, 
which  is  already  too  considerable. 

The  apparatus  consists  of  a  square  iron  frame,  revolving  upon  a 
lower  frame  or  bed-plate,  upon  which  the  driving  and  feed  parts  are 
arranged  with  the  greatest  economy  of  space  consistent  with  freedom 
of  movement  and  accessibility,  and  of  a  revolving  cutter-rim,  carrying 
the  cutters,  and  supported  by  a  radial  arm  attached  to  the  frame. 

Figure  7  gives  a  perspective  view  of  the  apparatus  in  operation,  and 
Figure  8  a  plan  of  the  same. 

The  frame  is  shown  by  E ;  upon  this  rest  the  trunk-engines 
G,  G,  nine  inches  in  cylinder  diameter,  and  eight  inches  in  length  of 
stroke ;  they  are  placed  horizontally  and  parallel,  in  order  to  work  on 
the  same  shaft.  Through  the  medium  of  the  main  shaft  and  worm  /, 
motion  is  communicated  to  the  driving-shaft  //,  carrying  the  pinion 
/^",  by  which  the  cutter-rim  is  revolved.  The  cutting-arm  consists 
of  two  parts,  the  supporting  arm  A  and  the  cutter-rim  B,  armed  with 
knives.  The  arm  A  xs  ^  flat,  open,  malleable  iron  casting,  bolted 
firmly  to  the  bracket  Cby  a  flange-like  projection,  and,  with  the  excep- 
tion of  this  projection,  is  entirely  inclosed  in  the  cutter-rim.  Thus 
supported  and  steadied,  and  kept  in  place  by  a  series  of  horizontal 
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disk-like  rollers.  A',  is  the  revolving  cutting  rim  B,  which  is  5  feet  in 
diameter  and  1 J^  inches  in  thickness.  It  receives  motion  from  the 
driving-shaft  //*  by  a  circle  of  slotted  perforations  near  its  outer  edge, 
being  engaged  by  the  pinion  already  referred  to. 


CUTTER-HOLDERS,  BROWN'S  MONITOR  COAL-CUTTER. 

This  device  does  away  with  a  hub,  and  enables  the  cutter-rim  to 
penetrate  the  coal  over  seven-eighths  of  its  diameter,  or  to  a  depth  of 
56  inches,  and  the  power  being  applied  at  the  circumference,  or  point 
of  resistance,  there  can  be  no  loss  by  leverage. 

Upon  the  periphery  of  this  rim  are  placed  the  cutter-holders  B', 
represented  at  full  size  and  with  details  in  Figures  9  and  10.    Each 


350  INTERNATIONAL   EXHIBITION,  1876, 

holder  is  armed  with  four  cutting  points,  two  acting  when  the  rim 
revolves  from  left  to  right,  and  the  two  others  when  it  moves  in  the 
opposite  direction. 

These  points  are  held  in  place  by  blocks,  which  are  fastened  by 
screws  into  the  holders,  so  that  the  operator  can  easily  replace  the 
points  by  others  when  they  become  dull.  It  will  also  be  noticed  that 
they  are  set  at  different  angles,  so  that,  although  the  action  is  contin- 
uous, the  duty  of  each  point  is  only  pne-sixth  of  the  kerf,  and  also 
that  those  points  set  at  the  greatest  angle  widen  the  cut  sufficiently 
to  clear  the  cutter-arm  from  both  the  overhanging  coal  and  the  bench 
beneath.  The  bracket  C,  carrying  the  cutter-arm,  is  attached  to  the 
sleeves  Z?,/?,  which  are  vertically  adjustable,  and  held  on  the  columns 
or  guides  D\  D'  in  such  a  way  as  to  allow  any  desired  elevation  of 
the  cutter-arm  by  means  of  the  hand-worked  cogged-gearing,  shown 
in  Figure  8. 

This  disposition  offers  the  facility  of  selecting  within  the  limits  of 
the  height  of  the  columns  the  most  favorable  point  of  the  cut.  The 
length  of  the  shaft  //^  being  in  sections,  one  of  which  is  squared,  and 
"  telescopes"  into  a  correspondingly  squared  sleeve  upon  the  other,  is 
capable  of  longitudinal  adjustment,  which,  in  connection  with  the 
universal  joint  //',  enables  it  to  accommodate  itself  to  the  variable 
elevation  of  the  cutter-arm.  By  the  shaft  y,  and  a  system  of  inter- 
mediate gearing  for  reducing  the  speed,  the  worm  I  is  geared  to  the 
vertical  capstan  y\  around  which  passes  the  draft  or  feed-chain ;  this 
chain  also  passes  over  a  roller  under  the  bracket  C^  and  then  is  carried 
along  and  made  fast  at  fixed  points  of  the  mine,  as  shown  by  Figure  8. 
This  gives  the  machine  an  automatic  feed  to  the  right  or  to  the  left, 
forward  or  back,  according  to  the  position  of  the  fast  end  of  the 
chain.  The  speed  can  be  regulated  to  suit  the  hardness  of  the  coal, 
by  reducing  or  enlarging  the  diameter  of  the  capstan.  The  feed- 
gearing,  shown  in  the  drawings,  will  move  the  machine  at  the  rate  of 
9  inches  per  minute,  the  main  shaft  making  180,  and  the  cutter-rim 
6  revolutions  in  the  same  time.  The  machine  runs  on  an  ordinary 
T-rail  track  of  the  same  gauge  as  the  mine  system,  so  that  the  pit 
cars  can  follow  and  remove  the  coal.  The  machine  is  provided  with 
four  15-inch  flanged  wheels,  fitting  upon  spindles  F'\  F'\  F'\  F^' ; 
but  upon  reaching  the  place  of  operation  they  are  taken  off  and 
replaced  by  a  series  of  small  rollers,  /%  i%  F,  F,  with  pivoted  bear- 
ings. Similar  rollers,  F\  F\  F\  F\  placed  horizontally,  and  bearing 
against  the  inner  sides  of  the  rails,  serve  in  lieu  of  flanges  on  the 
other  rollers  for  keeping  them  upon  the  rails.  The  chippings,  in  the 
form  of  fine  slack,  are  carried  around  with  the  cutters  and  deposited 
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between  the  track  and  the  wall,  and  the  cut  is  kept  so  free  that  it 
has  never  been  found  necessary  to  resort  to  scrapers  before  taking 
down  the  coal.  The  weight  of  the  apparatus  is  about  1500  kilos., 
its  height  from  rail  to  top  of  rocker-valve  chest  is  3  feet,  the  extreme 
depth  of  cut  is  56  inches.  The  air-pressure  required  is  25  to  30 
pounds  on  the  square  inch.  Coal-cutters  built  on  this  system  have 
been  in  use  since  June,  1873,  in  the  mines  owned  by  Niblock,  Zim- 
mermann,  &  Alexander.  It  is  shown  by  a  paper  read  by  Mr.  John  T. 
Alexander  before  the  American  Institute  of  Mining  Engineers,*  that 
this  machine  has  given  satisfactory  results.  The  coal,  especially  that 
of  the  lower  vein,  is  very  hard  and  dense,  and  wages  rule  higher  in 
this  field  than  in  almost  any  other  part  of  the  United  States. 

One  of  the  most  frequent  objections  advanced  against  coal-cutting 
machinery,  viz.,  the  rapid  drilling  of  the  cutting  points,  has  been  over- 
come in  a  satisfactory  manner  by  the  use  of  chrome  steel.  This  steel 
has  only  lately  been  employed  in  the  industries,  and  is  characterized 
by  its  extreme  hardness. 

In  the  hardest  coal  yet  met  with  6  yards  have  been  cut  with  one 
set  of  points,  while  in  soft  bituminous  coal  25  yards  have  been 
reached.  The  points  are  sharpened  from  time  to  time  on  an  emery- 
wheel,  and,  if  tempered  with  care,  will  last  a  long  while. 

Mr.  Alexander  claims  the  following  advantages  for  this  mechanical 
coal-cutter  over  hand-mining,  on  condition,  however,  that  the  cutting 
takes  place  in  a  vein,  and  considering  that  small  coal  is  of  little  or 
no  value  in  the  United  States : 

**  The  waste  in  the  under-cutting  process  is  reduced  to  such  an  ex- 
tent that  the  saving  is  sufficient  to  pay  the  operating  expenses  of  the 
machine.  Experience  in  block-coal  mining  proves  that  one-sixth  of 
the  product  is  slack  or  waste ;  or,  taking  100  tons  as  the  basis  of  our 
calculation,  16  tons  would  represent  this  waste.  The  i^  inch  cut 
made  by  the  machine  is  ^  of  a  four-foot  vein,  the  standard  thickness 
in  the  block-coal  region,  and  ^  of  the  100  tons  equals,  say  3  tons, 
which  amount  being  deducted  from  the  16  tons,  shows  13  tons  of 
merchantable  coal  in  lieu  of  the  16  tons  of  slack. 

"  The  slack  sells  for  $^  per  car  of  12  tons,  or  $6.66  for  the  16  tons  ; 
while,  on  the  other  hand,  the  13  tons  of  merchantable  coal  have  a 
value  of  ^2.25  per  ton,  or  JI29.33,  a  clear  difference  of  JI22.67  in  favor 
of  the  machine  from  this  one  item  alone.  To  operate  the  machine 
an  engineer  and  two  track-layers  are  required,  at  $1  for  the  former 
and  ^12.50  each  for  the  latter  per  diem,  making  ^8  for  each  shift  pro- 


*  See  Trans.  Am,  InsL  Min,  Eng,^  vol.  iii.  p.  23. 
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ducing  50  tons,  or  ]Ji6  for  the  two  shifts  producing  the  lOO  tons, 
which  deducted  from  the  $22.67,  still  leaves  $6.67  for  oil,  repairs,  and 
expenses  of  the  air-compressor,  which  is  run  by  the  engineer  driving 
the  hoisting-engine. 

"  The  reduction  of  waste,  therefore,  in  paying  the  cost  of  the  under- 
cutting, leaves  the  taking  down  and  loading  of  the  coal  as  the  only 
expense  to  be  compared  with  the  price  of  hand-mining.  This  being 
50  cents  per  ton,  against  $1  as  the  average  of  hand-mining,  puts  the 
cost  of  '  getting'  one-half,  and  the  dead  work  remaining  the  same  as 
now,  50  cents  per  ton,  the  expense  of  putting  coal  on  the  cars  at  the 
mouth  of  the  mine  would  not  exceed  two-thirds  of  the  present  cost 

"  One  man  following  the  machine  can  take  down  and  load  ten  tons 
in  a  shift  often  hours,  so  that  very  satisfactory  wages  could  be  earned 
at  forty,  or  even  thirty,  cents  per  ton  for  that  work,  which  would  still 
further  widen  the  difference  shown  by  the  above  calculation." 

COAL- MINING  TOOLS. 

The  Hardy  Patent  Pick  Company,  of  Sheffield,  England,  exhibited 
a  collection  of  mining  tools,  very  commendable  for  their  perfection 
of  manufacture,  and  above  all,  for  the  manner  in  which  the  tool  is 
joined  to  the  handle.  The  latter  was  fully  illustrated  by  the  different 
types  exhibited ;  the  attachment  is  effected  either  by  pressure  or  by 
means  of  keys.  The  handles  may  readily  be  slipped  on  or  off.  They 
offer  greater  resistance  than  those  generally  employed,  being  stifTened 
with  iron  at  the  point  subjected  to  the  most  severe  strain.  They  may 
be  left  in  the  mine  while  the  tools  are  taken  up  for  repairs.  The 
transportation  of  the  implements  requires  less  room,  and  can  be  more 
readily  accomplished  after  the  handles  have  been  detached.  Great 
facilities  are  also  offered  in  the  heating  and  forging  of  the  points, 
when  this  should  be  required,  by  taking  oflT  the  handles.  The  price 
of  these  handles  at  Sheffield  is  \s,  9^.;  that  of  tools  weighing  2 
pounds,  \s.  gd. ;  tools  of  greater  weight  cost  6rf.  more. 

SAFETYLAMPS. 

Cook  &  Co.,  of  Birmingham,  England,  exhibited  a  collection  of 
safety-lamps  employed  in  the  mines  of  Great  Britain,  comprising 
the  systems  of  Dory,  Stephenson,  and  Dr.  Clinney.  The  latter  is 
generally  provided  with  a  glass  cylinder,  but  a  specimen  was  also 
displayed  having  a  cylinder  of  mica.  This  substance  offers  greater 
resistance  than  glass  to  the  influences  of  heat  or  cold,  but  is  not 
sufficiently  transparent  to  make  a  general  change  desirable.  All  these 
lamps  were  manufactured  with  great  care. 
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The  firm  of  Cosset-Dubrulle,  of  Lille,  France,  also  exhibited  a 
full  collection  of  lamps  used  for  mining  purposes  in  their  country, 
comprising  samples  of  fifteen  different  styles,  but  showing  no  novel 
features.  The  exhibit  formed  a  full  collection  of  all  lamps  employed 
by  miners,  from  the  simple  Cosset  with  unprotected  flame  to  the 
most  elegant  safety-lamp  with  crystal  cylinder  and  rich  copper 
mountings. 

The  productions  of  this  house  are  highly  commendable  for  the 
great  care  taken  in  their  manufacture,  and  also  for  their  low  prices. 

SAFETY-FUSES,  FOR  THE  IGNITION  OF  GUNPOWDER  USED  IN 

EXPLODING  MINES. 

Safety-fuses  were  only  exhibited  by  the  firms  of  Davey,  Bickford, 
Watson  &  Co.,  of  Rouen,  France,  and  Muller  &  Co.,  of  Clermont, 
near  Liege,  Belgium. 

The  similar  productions  of  these  houses  are  equally  entitled  to 
commendation  for  the  great  care  taken  in  their  manufacture. 

There  were  no  extracting-machines,  draining-machines,  ventilating- 
machines,  or  accessory  machines  displayed  at  the  Exhibition,  except 
a  model  on  a  small  scale  of  **  The  American  Coal-breaker,"  exhibited 
by  Coxe  Brothers  &  Co.,  of  Jeddo,  Pennsylvania.  This  is  a  coal- 
separator,  specially  designed  for  the  requirements  of  the  American 
anthracite  coal  market.  The  model  exhibited  presents  the  most 
complete  type  of  any  apparatus  of  the  kind. 

The  American  section  contained  some  machines  for  washing  coal, 
but  none  of  them  offer  the  economical  advantages  indispensable  for 
this  kind  of  work. 


GEOLOGICAL  AND  MINERALOGICAL  COLLECTIONS  AT 

THE   EXHIBITION. 

BY   JAMES    M.   SAFFORD. 

The  nations,  colonies.  States,  and  Territories  making  geological  and 
mineralogical  exhibits,  in  which  we  include  rocks,  fossils,  minerals, 
ores,  models,  maps,  sections,  and  reports,  were  not  far  from  one  hun- 
dred in  number.  The  United  States  was  represented  by  collections 
of  greater  or  less  extent  from  forty  States  and  Territories.  Other 
nations  contributing  were : 

The  Dominion  of  Canada,  including  the  provinces  of  Ontario, 
Quebec,  New  Brunswick,  Nova  Scotia,  and  British  Columbia;  Green- 
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land  (Denmark) ;  Mexico ;  Bermudas,  Bahamas,  Jamaica,  and  Trini- 
dad (British) ;  Cuba  (Spanish) ; 

Venezuela ;  Peru ;  Chili ;  Brazil  and  the  Argentine  Republic ; 

Great  Britain,  including  England,  Wales,  Scotland,  and  Ireland ; 
Portugal;  Spain;  France;  Belgium;  Netherlands;  Denmark,  includ- 
ing Iceland  and  the  Faroe  Islands;  Germany;  Sweden,  Norway; 
Russia;  Austria;  Switzerland;  Italy;  Turkey; 

Egypt;  Tunis;  Canary  Islands  (Spanish);  Liberia;  Gold  Coast 
(British) ;  Orange  Free  State ;  Cape  of  Good  Hope ; 

British  India;  Ceylon  and  Straits  Settlements  (British);  China; 
Japan;  Siberia  (Russian);  Java  and  Madura  (Netherlands  colonies); 
Philippine  Islands; 

The  Australian  colonies ;  viz.,  New  South  Wales,  South  Australia, 
Victoria,  Queensland,  and  Tasmania ; 

New  Zealand  (British) ;  Hawaii. 

In  addition  to  the  countries  mentioned  and  formally  exhibiting, 
other  parts  of  the  globe  were  i^epresented  by  specimens  in  some  of 
the  general  collections. 

From  this  enumeration  it  is  seen  that  the  Exhibition,  in  the  feature 
under  consideration,  was,  as  in  many  other  respects,  a  world's  dis- 
play. Nearly  all  the  nations  had  ores  and  minerals,  many  rocks  and 
fossils,  not  a  few  maps,  models,  and  sections.  The  immediately 
practical  or  technological  character  of  the  exhibits  was  everywhere 
apparent.  Thus,  the  ores  of  the  common  metals,  stone-coal,  building- 
stones,  marbles,  grinding  and  abrading  materials,  clays,  etc.,  were 
present  in  profusion,  while  collections  of  fossils  and  systematic  series 
of  rocks  and  minerals,  for  strictly  scientific  purposes,  were  not  so 
numerous,  and,  with  notable  exceptions,  not  extraordinary. 

THE  UNITED   STATES. 

As  a  whole,  the  geological  and  mineralogical  display  made  by  the 
United  States,  though  not  complete,  was  as  full  and  varied  as  could 
have  been  expected ;  it  was  indeed  grand,  and  worthy  of  the  Repub- 
lic. No  patriotic  intelligent  American  could  visit  the  Centennial 
grounds  and  come  away  without  feeling  a  just  pride  in  his  country, 
in  its  vast  mineral  resources,  and  in  the  knowledge,  energy,  and  skill 
of  his  countrymen  as  there  manifested  in  the  treatment  and  applica- 
tion of  these  resources  to  useful  purposes.  Nor  did  the  showing 
suffer  by  comparison  with  contributions  of  the  same  class  from  other 
nations.  Indeed,  such  comparisons  but  enhanced  his  original  appre- 
ciation of  our  mines,  minerals,  and  economic  rock-material. 
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THE  SMITHSONIAN   COLLECTION. 

This  was  a  large,  rich,  and  instructive  collection,  made  by  the 
Smithsonian  Institution.  It  occupied  the  northeastern  portion  of  the 
Government  Building,  and  was  in  charge  of  Prof  W.  P.  Blake.  The 
objects  of  this  display  were  for  the  purpose  of  illustrating:  "  ist.  The 
nature  and  variety  of  the  mineral  resources  of  the  United  States.  2d. 
The  geographical  distribution  and  geological  associations  of  the  min- 
erals. 3d.  The  extent  to  which  they  have  been  utilized.  4th.  The 
mechanical,  metallurgical,  and  chemical  processes  by  which  they  are 
extracted  or  converted  into  useful  products.  5th.  The  inherent  and 
comparative  qualities  of  the  extractive  products. — A  portion  of  the 
collection  was  arranged  according  to  the  nature  of  the  objects,  irrespect- 
ive of  locality,  but  the  bulk  of  the  exhibition  was  grouped  geograph- 
ically by  States.  There  was  also  a  section  devoted  to  models  and 
drawings,  and  one  to  geological  maps  and  graphic  charts."  As  pre- 
sented, this  Smithsonian  display  included  a  large  number  of  individual 
collections,  aggregating  a  multitude  of  specimens.  A  majority  of 
the  States  and  Territories  were  represented,  and  in  the  notices  of 
them  to  follow  frequent  reference  will  be  made  to  the  collection. 
The  models,  graphic  maps,  etc.,  brought  together,  as  a  part  of  this 
display,  illustrated  most  satisfactorily  and  instructively  the  geology 
of  portions  of  the  Western  Territories. 

ALABAMA. 

The  exhibits  from  this  State  consisted  principally  of  iron  ores  and 
bituminous  coals.  Iron  ores,  limonite,  fossiliferous  red  ore,  abound 
in  the  northern  part  of  Alabama.  The  most  considerable  display 
was  in  one  of  the  annexes  to  the  Main  Building.  It  was  made  by 
the  South  &  North  Railroad,  and  was  the  work  of  Professor  William 
Gesner,  of  Birmingham,  Alabama.     It  included, — 

"  1st.  A  geological  cabinet  section  in  miniature  of  the  Warrior 
coal-measures,  representing  forty-six  seams  of  coal  of  all  dimensions 
from  one  inch  up  to  six  and  a  half  feet  thick,  aggregating  ninety-six 
feet,  of  which  fourteen,  being  two  feet  and  over,  are  considered  work- 
able. Also,  beds  of  black-band  iron  ore,  fire-clay,  sandstone,  and 
carbonate  iron  ore,  or  clay  ironstone. 

"  2d.  A  geological  section  in  miniature  of  the  Cahaba  coal-meas- 
ures, representing  fifty-one  seams  of  coal  from  one  inch  up  to  six 
feet  in  thickness,  aggregating  eighty-one  feet,  sixteen  of  which  being 
two  feet  and  over,  are  considered  workable.  Also,  beds  of  clay,  iron- 
stone, fire-clay,  building  sandstone,  and  flagging. 
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"  3d.  Specimens  of  red  hematite  iron  ore,  existing  in  large  deposits, 
upon  the  line  of  road,  in  some  places  indicating  a  thickness  of  twenty- 
eight  feet,  and  of  pig-iron  made  therefrom  at  the  works  of  the  Eureka 
Iron  Company.  These  works  comprise  two  blast-furnaces,  with  a 
capacity,  each,  of  ten  thousand  tons  per  annum.  The  coals,  ores,  and 
limestone  used  are  owned  by  the  company,  and  are  in  dose  proximity 
to  the  furnaces." 

The  Woodstock  Iron  Company  made  an  elegant  display  of  limonite. 
There  were  a  few  other  exhibits  of  coal  and  iron  ore.  A  geological 
map  of  Alabama  was  exhibited  in  the  Smithsonian  section. 

ARIZONA. 

This  distant  Southwestern  Territory  was  represented  by  a  good 
collection  of  its  ores.  There  were  ores  of  copper,  silver,  and  lead, 
together  with  gold,  gold  quartz,  and  other  minerals.  The  collection 
was  made  through  ex-Governor  R.  C.  McCormick,  and  formed  a  part 
of  the  Smithsonian  contribution.  Arizona  silver  ores  were  also  ex- 
hibited in  collections  from  San  Francisco. 

ARKANSAS. 

The  mineral  and  geological  products  of  this  State  were  on  exhibi- 
tion in  the  Arkansas  Building.  The  display  and  enterprise  manifested 
were  commendable.  Semi-bituminous  coals,  lead,  zinc,  and  iron  ores 
made  a  prominent  part  of  the  collection;  but  the  most  characteristic 
were  the  specimens  of  novaculite  and  the  large  crystals  of  quartz 
from  the  region  of  the  famous  Hot  Springs.  Both  novaculite  and 
crystals  were  remarkable.  The  former  is  a  very  fine-grained,  white, 
silicious  rock,  highly  valued  as  an  oilstone,  and  well  known  in  com- 
merce. It  IS  sufficiently  described  elsewhere.  There  were  two  full 
and  very  interesting  exhibits  of  the  manufactured  stones  in  the  Main 
Building.  In  the  Arkansas  Building  were  large  pieces  of  the  crude 
rock.  The  quartz  crystals  were  isolated,  and  in  great  groups  of  ex- 
treme beauty.  A  full  description  of  both  the  novaculite  and  crystals 
may  be  found  in  D.  D.  Owen's  Second  Geological  Report  on  Arkansas, 
i860.  Among  the  minerals  were  beautiful  specimens  of  wavelite  and 
crystals  of  brookite ;  also,  large  and  curious  pieces  of  silicified  wood ; 
sulphide  of  antimony,  galena,  and  tetrahedrite. 

CALIFORNIA. 

Had  the  Legislature  of  California  provided  the  means,  this  State, 
so  noted  for  its  mineral  wealth,  and  so  interesting  in  its  general 
features,  would  have  supplied  the  Exhibition  with  a  geological  museum 
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worthy  of  the  great  occasion.  The  State  had  a  building,  but  it  was 
erected  through  the  praiseworthy  efforts  of  private  individuals.  The 
exhibits,  as  to  minerals,  rocks,  and  geological  maps,  were  not  such  as 
we  had  hoped  to  see.  Eight  collections,  containing  gold  and  silver 
ores,  and  gold  "  cements,"  received  awards.  These,  made  by  indi- 
viduals from  different  parts  of  the  State,  were  interesting  and  valuable. 
The  San  Jacinto  Tin  Manufacturing  Company  presented  an  inter- 
esting series  of  tin  ores  and  block-tin.  In  addition  there  were  five 
exhibits  of  quicksilver  and  cinnabar,  one  including  crude  sulphur. 
These  exhibits  were  in  charge  of  the  Smithsonian  Institution. 

KANSAS    AND    COLORADO. 

These  States  were  fortunate  in  having  a  large,  attractive  building 
well  filled  with  minerals  and  products  of  the  forest  and  farm.  The 
contents  were  tastefully  arranged,  and  the  place  was  a  popular  resort 
The  building  contained  collections  illustrating  the  geology  and 
palaeontology  of  the  two  States.  Colorado  made  an  extraordinary  ex- 
hibit of  large,  argentiferous  galenas,  or  silver-lead  ores.  The  Pelican 
Mine,  of  Clear  Creek  County,  contributed  a  specimen  weighing  4500 
pounds,  showing  the  vein  formation,  and  said  to  contain  $800  worth 
of  silver;  the  Dives  Mine,  of  the  same  county,  a  specimen  weighing 
3140  pounds;  and  the  Baxter  Mine,  ores  weighing  3000  pounds. 
There  were  three  other  exhibits  of  the  same  ores,  two  from  the  county 
mentioned  and  one  from  Boulder  County.  Gilpin  County  supplied 
very  large  masses  of  gold-bearing  iron  and  copper  pyrites ;  of  these 
there  were  four  exhibits  from  as  many  mines,  one  mass  weighing 
icoo  pounds.  Of  silver  ores  there  were  four  exhibits  receiving 
awards.  One  mass  from  Park  County  was  large  enough  to  show  the 
vein  formation,  and  weighed  3500  pounds.  In  addition,  there  were 
collections  of  gold,  gold  ores,  gravel,  and  cement ;  also,  a  display  of 
coal  and  building-stone.    Some  of  the  silver-gold  ores  were  tellurides. 

CONNECTICUT. 

Granites  of  gray  and  red  colors  and  superior  texture,  brown  sand- 
stones from  Portland,  and  verd-antique  marble  from  Milford,  received 
awards.  There  were  four  exhibits  of  the  first,  two  of  the  second,  and 
one  of  the  third.  To  the  Smithsonian  illustrative  collection  Con- 
necticut contributed,  in  addition  to  the  above,  barite,  feldspar,  and 
silica  for  pottery  purposes,  kaolin,  clays,  limonite,  and  spathic  iron 
ores,  and  a  geological  map  of  the  State. 
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DELAWARE. 

Delaware  was  represented  by  a  State  collection  of  minerals  and 
rocks  illustrative  of  its  economic  geology,  including  ores  of  iron  and 
chrome,  together  with  feldspar,  mica,  serpentine,  and  granite.  There 
were  also  private  collections  showing  the  ores  mentioned,  building- 
stones,  kaolin,  and  clays. 

GEORGIA. 

The  Selma,  Rome,  &  Dalton  Railroad  supplied  a  series  of  bitu- 
minous coals,  iron  and  copper  ores,  roofing-slates,  marbles,  and  fire- 
clays, from  this  State.  The  series  included  the  ores  and  pig-irons 
of  eight  furnaces.  Other  furnace  companies  displayed  ores  and  the 
materials  used  in  the  manufacture  of  iron.  The  gold  resources  of 
the  State  were  represented  by  an  exhibit  of  gold,  auriferous  gravel, 
and  gold-bearing  quartz  in  the  Smithsonian  collection. 

IDAHO    AND    MONTANA. 

These  Northwestern  Territories  contributed  in  a  number  of  private 
collections,  which  were  exhibited  in  the  Smithsonian  cases,  numerous 
specimens  of  gold  and  silver  ores.  Eight  collections  from  Idaho  and 
five  from  Montana  received  awards.  The  specimens  came  from  many 
diflferent  mines,  and  consisted  of  native  gold,  gold  ores,  silver  ores, 
gold-bearing  argentiferous  galena,  and  silver-gold  ores.  T.  H.  Klein- 
Schmidt,  of  Helena,  Montana,  made  an  interesting  exhibit  of  curious 
forms  of  native  gold  and  gold  crystals,  containing  one  hundred 
specimens. 

ILLINOIS. 

The  Illinois  Industrial  University  of  Natural  History,  Champaign, 
Illinois,  supplied  a  large  and  instructive  exhibit  of  lead  ores,  among 
which  were  many  large  cubes  of  galena.  There  was  also  a  collection 
of  lead  ores  from  Jo  Daviess  County.  Besides  the  lead  ores  there 
were  no  other  geological  or  mineralogical  exhibits.  For  notice  of 
the  formations  and  mineral  resources  of  Illinois,  see  page  387. 

INDIANA. 

This  State  enriched  the  Exhibition  witt  very  full  and  satisfactory 
displays  of  its  geological  resources.  Most  of  the  collections  were 
under  the  charge  of  E.  T.  Cox,  State  Geologist.  Economic  mineral 
and  rock-material  from  this  State  were  seen  in  the  Main  Building  and 
in  one  of  its  annexes,  in  the  Smithsonian  collection,  and  disposed  in 
front  of  the  Indiana  Building.     Bituminous   coals,  building-stones, 
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iron  ores,  and  clays  were  most  prominent.  In  addition  were  peat, 
grindstone  and  oilstone  rocks,  hydraulic  limestones,  marble,  sand  for 
making  glass,  and  soils.  In  front  of  the  buil'ding  were  large  masses 
of  coal  weighing  from  one  to  three  tons  each.  The  display  of  coal 
comprised  all  the  varieties  found  in  the  State,  caking,  block,  and 
cannel.  With  these  were  building-stones  (oolitic  limestones  and 
sandstones),  some  specimens  containing  over  one  hundred  cubic  feet. 
In  the  Main  Building  and  Annex  were  heaps  of  the  white  porcelain 
clay  known  as  indianaite,  from  Lawrence  County.  This  clay  is 
remarkable  for  its  freedom  from  iron,  its  plasticity  and  infusibility. 
It  is  considered  one  of  the  best  materials  for  the  manufacture  of  white 
ware. 

IOWA. 

Bituminous  coals,  peats,  building-materials,  hydraulic  limestones, 
clays,  gypsum,  and  lead  ore  are  the  geological  products  yielded  by 
Iowa.  The  State  received  commendation  for  a  collection  illustrating 
its  geology  and  mineralogy,  and  also  for  its  bituminous  coals,  as 
illustrated  by  the  exhibits  of  Westerly  Redhead  and  the  Mahaska 
Coal-Mining  Company.  An  award  was  granted  to  J.  R.  Harvey  for 
a  large  and  instructive  series  of  the  galenas  of  the  State.  See  fur- 
ther, page  386. 

KENTUCKY. 

In  one  of  the  annexes  to  the  Main  Building  the  Geological  Survey 
of  Kentucky,  N.  S.  Shaler,  Director,  had  a  very  handsome,  well- 
arranged,  and  full  display,  illustrating  the  geology  and  mineral 
resources  of  the  State.  It  was  under  the  supervision  of  J.  R.  Proc- 
tor, Assistant  Geologist,  and  included  rocks,  fossils,  ores,  and  coals. 
Specimens  of  the  soils  and  the  underlying  rocks  were  arranged  in 
instructive  sections.  Many  detailed  chemical  analyses  were  given, 
as  well  as  carefully-executed  geological  sections,  and  a  preliminary 
geological  map  of  the  State,  embraced  in  a  very  satisfactory  General 
Account  of  the  Commonwealth  of  Kentucky ^  a  work  of  100  pages, 
prepared  expressly  for  the  Exhibition.  Most  prominent  among 
the  geological  resources  of  Kentucky  are  stone-coal,  iron  ore,  and 
building-stone.  Very  many  furnaces  exhibited  ores  and  the  materials 
used  in  the  manufacture  of  iron.  The  building-stones  were  well 
represented,  among  which  the  oolitic  limestone,  quarried  at  Bowling 
Green,  is  to  be  noted.  There  were  also  specimens  of  the  well-known 
hydraulic  limestone  of  Louisville  and  vicinity,  lithographic  stones, 
marbles,  clays,  salt-brines,  and  petroleum.  The  fossils  in  the  col- 
lection, coal-plants,  corals,  crinoids,   and   shells,   showed   that   the 
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palaeontological   feature   of   the   Survey   had    not    been    neglected. 

The  display  was  highly  creditable  to  the  State  and  to  the  gentlemen 

who  did  the  work. 

LOUISIANA. 

In  the  Smithsonian  exhibit  were  specimens  of  rock-salt  from  the 
remarkable  bed  of  this  material  lying  beneath  the  "  Orange  Sand" 
formation  of  Petite  Anse,  or  Avery's  Island,  on  the  coast  of  Louis- 
iana. With  these  were  also  specimens  of  sulphur  from  the  same 
State. 

MAINE. 

The  most  important  exhibits  made  by  Maine  were  specimens  of 
granite  and  roofing-slate.  The  first  were  of  pleasing  colors,  sound, 
and  susceptible  of  good  polish ;  the  latter  were  commended  for 
strength  and  general  good  quality.  In  addition  to  these  were  iron 
ores,  feldspar,  quartz,  and  sand  for  pottery  purposes.  A  geological 
map  of  the  State,  by  C.  H.  Hitchcock,  was  included  in  the  Smithsonian 
collection. 

MARYLAND. 

The  geology  and  mineralogy  of  this  State  was  illustrated  by  a 
large  and  well-arranged  collection  of  specimens..  E.  Mortimer  Bye, 
of  Wilmington,  made  a  display  of  the  verd-antique  marble  of  Mary- 
land, which  was  commended  for  its  magnitude  and  variety,  and  for 
the  good  texture  and  color  of  the  material.  There  were  also  exhibits 
of  iron  ores,  fluxes,  and  stone-coal. 

MASSACHUSETTS. 

In  the  Smithsonian  exhibit  was  a  varied  and  interesting  series 
of  the  minerals,  ores,  and  economic  rock-material  of  this  State, 
together  with  metallurgical  products  and  a  geological  map  of  its 
territory.  Iron  ores,  siderite  and  magnetite,  emery  and  corundum, 
corundophilite,  diaspore,  rutile  and  ilmenite,  argentiferous  lead  ore, 
copper  ores,  granites,  syenites,  and  porphyries,  with  sets  of  the  latter 
beautifully  polished,  sand  for  glass-making,  kaolin,  clays,  alum  clays, 
limestone,  and  marble,  were  included  in  the  display.  An  award  was 
granted  to  J.  T.  Ames,  of  Chicopee,  Massachusetts,  for  an  instructive 
group  of  samples  of  the  Chester  emery  with  the  accompanying  rocks 
and  minerals.  Massachusetts  granite  from  Quincy  and  Cape  Ann  was 
displayed  in  several  pieces  of  wrought  work  upon  the  grounds. 
Awards  were  also  given  for  brown  sandstone,  and  sand  for  glass, 
remarkable  for  its  purity.  In  the  collection  of  geological  maps  made 
and  exhibited  by  Professor  C.  H.  Hitchcock,  one  of  this  State  was 
included. 
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MICHIGAN. 

The  magnificent  specimens  of  native  copper  and  hematite  from  the 
northern  part  of  Michigan,  placed  in  one  of  the  annexes  of  the  Main 
Building,  were  the  wonder  of  all  who  saw  them.  There  were  four 
large  blocks  of  native  copper,  each  a  cubic  yard  or  more  in  volume, 
cut  from  a  mass  weighing  seventy-six  tons,  at  Central  Mine,  in 
Keweenaw  County.  Another  mass,  from  Isle  Royale,  weighed  5720 
pounds.  Accompanying  these  were  piles  of  copper-bearing  rocks, 
great  masses  of  "  copper  conglomerate,"  crystals  of  copper,  and  col- 
lections of  native  silver,  and  copper  with  silver.  Near  by  was  a  huge 
mass  of  nearly  pure  hematite,  weighing  fifteen  tons,  from  Marquette 
County.  For  a  list  of  mines  contributing  to  the  display  from  the 
Lake  Superior  district,  see  Reports  an  Awards^  Group  I.,  No.  438.  The 
State  was  further  represented  by  specimens  of  sandstones  for  building 
purposes,  and  grindstones,  marbles,  and  slates,  magnetites,  bituminous 
and  cannel  coals,  clays,  and  sand  for  glass,  mineral  waters,  brines, 
gypsum,  and  marls.  There  was  a  series  from  this  State  in  the  Smith- 
sonian section.  Among  the  awards  was  one  to  E.  Gaujot,  of  Michi- 
gan, for  a  new  and  detailed  geological  map  of  the  Upper  Peninsula. 

MINNESOTA. 

Granite  of  this  State,  of  red,  white,  and  blue  colors,  was  exhibited 
by  H.  D.  Gurney,  of  St.  Paul.  It  was  commended  for  variety  and 
good  quality. 

MISSOURI. 

The  mineral  and  economic  rock-material  of  Missouri  were  well 
represented  in  the  Exhibition  by  carefully-arranged  series  of  miner- 
als, rocks,  and  fossils.  These  exhibits  received  high  commendation. 
The  lead  and  iron  ores  of  the  State,  and  their  geological  relations, 
are  remarkable.     See,  further,  page  388. 

NEVADA. 

Minerals  and  ores  from  this  State  were  arranged  in  the  Smithsonian 
collection.  Conspicuous  among  them  were  numerous  specimens  of 
silver  ores,  argentiferous  galenas,  rich  exhibits  of  molybdate  of  lead 
(wulfenite)  from  the  Lucin  district  and  the  Eureka  Consolidated 
Mine,  and  masses  of  native  sulphur  from  Humboldt  County.  Among 
the  silver  ores  were  samples  of  ruby-silver  from  Yankee  Blade  and 
Morey  districts  and  from  the  Belmont  Mine,  and  a  large  specimen  of 
the  telluride  of  silver  from  the  Prussian  South  Mine.     There  were 
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large  and  valuable  exhibits  of  horn-silver,  stephanite,  and  silver- 
glance  ores  from  the  Consolidated  Virginia  Mines  of  Storey  County ; 
horn-silver  from  the  Philadelphia  district ;  gold  ores  from  the  Pine 
Grove  district;  copper  ores  from  Battle  Mountain;  crude  borax, 
borate  of  lime,  and  rock-salt  from  Esmeralda  County ;  crystals  of 
saltpetre,  rock-salt,  and  crude  soda  from  Churchill  County ;  arragonite 
from  the  Lucin  district.  The  State  was  commended  for  a  very  com- 
plete exhibit  of  its  mineral  resources,  and  for  the  "  Nevada  Quartz- 
Mill"  erected  upon  the  grounds  for  the  purpose  of  showing,  by 
actual  work,  the  process  of  manipulating  the  ores  of  the  precious 
metals.  Thirty  distinct  awards  were  made  to  individuals  and  mining 
companies  for  collections  of  native  silver  and  silver  ores  from  this 
State.  Most  of  the  collections  contained  silver-lead  ores,  often  gold- 
bearing.     They  represented  numerous  mines  and  districts. 

NEW    HAMPSHIRE. 

The  large  exhibit  of  this  State,  consisting  of  minerals,  granites, 
metamorphosed  and  other  rocks,  with  maps,  was  mostly  arranged 
in  the  collective  Smithsonian  series.  The  Exhibition  was  greatly 
indebted  to  Prof.  C.  H.  Hitchcock,  State  Geologist,  for  the  collec- 
tion, and  the  map  intended  to  illustrate  the  work  of  the  Geological 
Survey.  Wrought  work  of  New  Hampshire  granite  was  shown  in 
several  exhibits  upon  the  grounds. 

NEW  JERSEY. 

Great  praise  was  awarded  to  New  Jersey  for  the  very  complete  and 
systematic  exhibit  made  by  its  Geological  Survey,  George  H.  Cook, 
Director.  The  exhibit  embraced  (i)  specimens  of  all  the  rocks  of 
the  various  formations  known  in  the  State,  including  the  potter's-clay 
and  greensand ;  (2)  the  ores  of  iron  and  zinc  and  the  products  of 
their  metallurgical  treatment;  (3)  the  building-stones;  (4)  a  fine  col- 
lection of  the  rare  crystalline  minerals  of  the  region ;  (5)  plans  illus- 
trating the  mode  of  occurrence  of  the  magnetic  iron  ores,  a  model  of 
the  Sterling  Zinc  Mine,  and  the  geological  maps  published  by  the 
State  Survey,  all  giving  a  very  full  and  most  instructive  view  of  the 
scientific  and  economic  geology  of  the  State.  In  keeping  with  the 
whole,  a  tasteful  and  most  satisfactory  catalogue  of  the  exhibit  had 
been  prepared  and  printed.  Prominent  in  the  collection  were  the 
magnetic  iron  and  zinc  ores.  The  magnetites  of  the  State  lie  in  the 
Azoic  (Archaean)  formations,  occurring  in  beds  interposed  conform- 
ably between  layers  of  the  gneiss  rocks.  The  mines  now  opened  in 
these  ores  number  nearly  200,  and  are  capable  of  supplying  1,000,000 
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tons  of  ore  annually.  The  ores  are  rich,  and  meet  with  ready  sale. 
The  zinc  ores,  the  oxide,  silicate,  and  franklinite  being  the  principal 
ores,  were  represented  by  many  specimens,  some  very  large,  from 
Stirling  Hill  and  Mine  Hill,  in  Sussex  County.  In  the  collection 
were  hematite  from  Marble  Mountain,  limonite  and  siderite  from 
numerous  localities,  ores  of  copper  from  several  counties,  galena  from 
Sussex,  and  arsenical  iron  from  Warren.  The  suites  of  rocks  included 
granites,  syenites,  gneisses,  limestones,  dolomites,  marbles,  sandstones, 
slates,  trap-rocks,  as  well  as  clays,  marls,  greensand  marls  and  sands. 
The  restored  skeleton  of  th^  Hadrosaums  Foulkii,^.  gigantic  extinct 
lizard,  the  bones  of  which  were  found  in  the  green  marl  of  Haddonfield, 
New  Jersey,  was  one  of  the  wonderful  objects  in  the  Main  Building. 
It  was  restored  and  erected  by  Professor  B.  Waterhouse  Hawkins. 
For  a  sketch  of  the  formations  of  New  Jersey,  see  page  390. 

NEW  YORK. 

Economic  geological  products  from  this  State  were  on  exhibition 
in  the  Smithsonian  collection.  Displays  of  magnetic  iron  ores,  hema- 
tite, red,  purple,  and  green  roofing-slates,  bluestone  flagging,  and  black 
marble  received  awards.  There  were,  furthermore,  displays  of  galena, 
graphite,  kaolin,  clays,  and  mineral  waters.  Reference  may  be  made 
here  to  the  attractive  and  valuable  series  of  palaeontological  models 
exhibited  in  the  Main  Building  by  Professor  H.  A.  Ward,  of  Roches- 
ter, New  York.  The  models  or  casts,  especially  of  the  large  extinct 
animals,  are  admirably  adapted  for  scientific  instruction. 

NORTH   CAROLINA. 

The  Geological  Survey  of  this  State,  W.  C.  Kerr,  Director,  made 
an  exhibit  of  the  building-  and  ornamental  stones,  including  gran- 
ites, marbles,  and  limestones.  There  were  also  other  exhibits,  the 
whole  presenting  a  fine  series  of  the  minerals  of  North  Carolina, 
among  which  was  an  interesting  collection  of  corundum  and  the 
associated  minerals,  of  gold,  silver,  and  copper  ores,  iron  ores,  includ- 
ing magnetite,  steatite,  and  mica.  To  these  was  added  a  geological 
map  of  the  State. 

OHIO. 

This  State  made  a  remarkable  display  of  its  building-stones,  coal, 
and  iron  ores.  A  large  number  of  the  exhibits  of  building-stones, 
which  were  sandstones  and  limestones,  but  principally  blocks  of  the 
celebrated  sandstones  of  Ohio,  were  used  in  the  construction  of  the 
Ohio  State  Building.  A  list  of  the  stones  thus  used  is  given  in  the 
Reports  on  Azuards^  Group  I.,  No.  108.     In  addition  there  was  a  large 
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number  of  other  exhibits  of  building-rocks ;  also,  interesting  displays 
of  grindstones.  The  exhibits  of  coal  were  very  numerous.  See 
Reports  on  Awards,  Nos.  ^j  and  95.  Numerous  iron-furnaces  ex- 
hibited specimens  of  the  ores  used  by  them,  among  which  were  clay 
ironstones  and  black-band  ores  found  in  Ohio.  Besides,  there  were 
grooved  and  striated  rocks  from  Kelly's  Island,  flagging-stones,  clays, 
sand  for  glass  and  pottery,  and  salt  from  the  brines  of  Pomeroy  and 
the  Hocking  Valley.  The  geological  maps  and  reports  of  the  State 
Survey  were  also  on  exhibition. 

OREGON. 

From  this  State  there  was  an  exhibit  of  gold  ores  of  interest  and 
value  from  the  Virtue  Mine,  made  by  J.  H.  Jackson,  of  Baker  City. 

PENNSYLVANIA. 

The  Exhibition  owed  much  of  its  interest  and  wealth  of  display 
to  the  geological  and  mineralogical  contributions  of  Pennsylvania. 
The  Second  Geological  Survey,  J.  P.  Lesley,  Director,  presented  an 
attractive  series  of  rock,  mineral,  and  organic  remains  of  the  State, 
with  admirable  local  maps,  sections,  and  models  in  relief  Details  of 
this  exhibit  are  given  in  the  Supplement,  see  pages  392-395.  There 
were  also  individual  displays  of  bituminous,  semi-anthracite,  and 
anthracite  coals  {Reports  on  Awards,  Group  I.,  Nos.  92,  93,  and  94), 
black  marble  from  Lycoming  County,  nickel  and  cobalt  ores  from 
Lancaster,  and  zinc  ores  from  Bethlehem. 

RHODE  ISLAND. 

The  Providence  Franklin  Society,  of  Providence,  received  commen- 
dation for  an  exhibit  of  the  ores  and  minerals  of  this  State.  The 
collection  included  fossil  plants  from  anthracite.  In  the  Smithsonian 
space  were  granite  for  building  and  ornamental  purposes,  magnetite, 
anthracite,  and  graphitic  coal,  some  specimens  being  in  large  masses. 

SOUTH   CAROLINA. 

From  this  State  were  exceedingly  interesting  and  suggestive  dis- 
plays of  mineral  phosphates.  These  are  partly  nodular  in  character, 
and  are  associated  with  fossil  teeth,  vertebrae,  and  other  bones.  They 
come  from  beds  which  rest  upon  the  Eocene  in  the  vicinity  of 
Charleston  and  other  portions  of  the  coast  region,  and  are  exten- 
sively used  for  fertilizing  purposes.  The  Smithsonian  collection 
contained  a  suite  of  minerals  and  ores  illustrating  the  native  resources 
of  the  State. 
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TENNESSEE. 

The  leading  native  resources  of  a  geological  and  mineral  character 
in  Tennessee  are  iron  ore,  bituminous  coal,  copper  ore,  marbles,  and 
building-material.  Others  having  more  or  less  commercial  interest 
are  gold,  zinc  ore,  lead,  manganese  oxides,  barite,  petroleum,  clays, 
millstone-grits,  roofing-slates,  hydraulic  and  lithographic  limestones, 
brines,  and  mineral  waters.  Most  of  these  were  well  represented  by 
collections  located  in  the  Main  Building  and  in  the  space  occupied 
by  the  Smithsonian  display  in  the  United  States  Building.  These 
were  supplemented  by  a  geological  map  of  the  State,  and  by  a  large 
map  showing  the  mineral  resources  of  the  district  around  Chatta- 
nooga: The  iron  ores  of  Tennessee,  in  the  order  of  their  importance, 
are  limonite,  hematite,  magnetite,  and  clay  ironstones,  the  latter  of 
which  have  never  been  used.  There  are  four  distinct  areas  or  belts 
in  the  State  in  which  beds  of  iron  ore  occur,  as  follows : 

1.  The  Eastern  Iron  Belt. — Extends  through  the  State,  and  lies 
chiefly  in  front  and  at  the  base  of  the  Unaka  Range  of  mountains. 
It  reaches  beyond  the  limits  of  the  State,  to  the  northeast  into  Vir- 
ginia, and  to  the  southeast  into  Georgia.  The  most  important  ore  is 
limonite,  which  is  found  in  deposits  in  the  great  masses  of  debris 
resulting  from  the  solution  and  disintegration  of  pyritiferous  lime- 
stones, dolomites,  and  calcareous  shales.  Veins  and  beds  of  hema- 
tite and  magnetite  occur  in  the  northern  counties  of  this  belt.  The 
magnetite  in  Carter  County  lies  but  a  few  miles  from  great  beds  of  a 
similar  ore  in  North  Carolina. 

2.  The  Dyestone  Belt. — Skirts  the  eastern  base  of  the  Cumber- 
land table  land,  or  of  Walden*s  Ridge,  from  Virginia  to  Georgia ; 
spreads  out  laterally  from  ten  to  twenty  miles  into  the  Valley  of  East 
Tennessee;  the  Sequatchie  and  Elk  Valleys  are  included.  This  belt 
reaches  far  to  the  northeast  beyond  the  limits  of  the  State,  and  to 
the  southwest  into  Georgia  and  Alabama. 

Red  fossiliferous  ore  occurring  in  stratified  beds,  one  to  four  in 
number,  and  from  an  inch  to  three  feet  and  sometimes  more  in  thick- 
ness, is  the  characteristic  product. 

3.  The  Cumberland  Table  Land. — Co-extensive  with  the  coal- 
measures  of  the  State,  and  extending  into  Kentucky  and  Alabama. 
The  ores  in  this  are  inferior,  being  clay  ironstones,  and  black  bands 
that  have  never  been  used  for  the  making  of  iron  in  this  State., 

4.  The  Western  Iron  Belt. — This  is  the  largest  area,  and  lies 
west  of  Nashville  and  mainly  between  the  latter  and  the  Tennessee 
River,  though  extending  a  few  miles  in  some  counties  west  of  the 
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river.  Northward  it  reaches  into  Kentucky.  Its  ores  are  nearly  all 
limonites. 

Copper  ore  is  confined  to  the  Ducktown  mines  in  the  southeastern 
corner  of  the  State.  Variegated  marble,  of  which  there  were  full 
displays  both  of  the  rough  and  the  wrought,  is  quarried  at  a  number 
of  points  in  East  Tennessee.     The  rock  is  practically  inexhaustible. 

The  coal  formation  of  Tennessee  caps  the  Cumberland  table-land 
and  has  an  area  of  5 100  square  miles.  It  will  average  (not  including 
the  northeastern  portion)  from  500  to  600  feet  in  thickness.  In  the 
northeastern  portion,  and  within  the  counties  of  Morgan,  Anderson, 
Scott,  Campbell,  and  Claiborne,  there  are  high  ridges,  towering  above 
the  general  level  of  the  table-land,  in  which  the  coal  measures  have 
a  thickness  of  more  than  2700  feet,  and  include  not  less  than  sixteen 
beds  of  coal.  One  of  these,  near  the  base  of  the  mountain,  is  ex- 
tensively mined,  and  is  from  4  to  7  feet  thick.  Other  beds  occur, 
not  yet  explored,  but  showing  outcrops  of  3  and  4  feet.  In  all  the 
counties,  wholly  or  in  part  on  the  table-land,  outcrops  of  coal  are 
found,  many  of  which  are  of  workable  thickness. 

UTAH. 

Like  Nevada,  this  Territory  had  very  many  specimens  of  silver  and 
silver-lead  ores  on  exhibition.  Big  Cottonwood,  Little  Cottonwood, 
and  Ophir  districts,  Bingham  Canon,  and  Parley  Park  mining  district 
were  represented.  Some  of  the  exhibits  were  collections,  each  em- 
bracing specimens  from  many  mining  districts.  W.  T.  Barbee,  of 
Leeds,  Utah,  exhibited  a  curious  and  rare  specimen  of  horn-silver, 
occurring  in  sandstone,  in  which  were  fossil  dicotyledonous  plants. 
This  was  from  the  Tecumseh  Mine,  Harrisburg  mining  district. 
Two  large  specimens  of  argentiferous  galena  from  the  Hidden 
Treasure  Mine,  and  silver  ores  from  Tintic,  were  among  the  exhibits. 

VERMONT. 

Specimens  of  marble,  granite,  steatite,  and  copper  ores  from  this 
State  received  suitable  acknowledgments.  The  marbles,  wrought 
and  unwrought,  were  interesting.  One  block  of  statuary  marble,  six 
feet  long,  of  pure  color  and  homogeneous  texture,  from  West  Rut- 
land, attracted  especial  attention.  Other  exhibits  included  statuary 
marble  from  Rutland  and  West  Rutland,  colored  marbles  from  Swan- 
ton,  Rutland,  and  Burlington,  and  marble  from  Pittsford.  There 
were  granite  monuments  and  tablets  from  St.  Johnsbury  commended 
for  the  work  and  material,  and  granite  exhibited  by  a  company  of 
Thomaston  of  superior  character.     In  the  Smithsonian  collection  the 
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native  resources  of  Vermont  were  illustrated  by  ^series  containing 
marbles,  slates  of  various  colors,  roofing-slates,  iron  and  copper  ores, 
kaolin,  sand  for  glass-making,  and  scythe-stones. 

VIRGINIA. 

This  State  has  varied  geological  and  mineralogical  resources.  Its 
mines  of  lead,  salt,  and  gypsum,  in  the  southern  portion,  are  re- 
markable; its  mineral  waters  are  justly  celebrated  and  widely  known. 
Coal  and  iron  ore  abound.  Four  collections  received  awards,  as 
follows :  A  series  of  the  ores  of  Virginia ;  a  collection  of  clouded 
marbles;  roofing-slates;  and  a  display  of  superior  iron  ores.  The 
Smithsonian  authorities  exhibited  from  this  State  zinc  and  lead  ores, 
including  calamine,  galena,  and  cerussite;  iron  ores,  limonite,  hema- 
tite, fossil  ore,  and  magnetite;  copper  ores;  gold-bearing  quartz; 
manganese  oxides ;  gypsum;  barite;  brines  and  salt;  coal;  granite; 
and  kaolin. 

WEST  VIRGINIA. 

The  West  Virginia  display  was  highly  satisfactory.  The  State  had 
a  building  in  which  were  arranged  a  multitude  of  specimens  illus- 
trating its  natural  resources  of  all  kinds:  an  extensive  series  of 
woods;  agricultural  products;  pupils'  work;  maps;  works  of  art, 
etc.  Prominent  among  these  were  the  mineral  resources,  coal,  iron 
ores,  building-stones,  hydraulic  limestones,  marble,  clays,  mineral 
waters,  salt-brines,  petroleums.  The  exhibits  of  coal  were  very  nu- 
merous, as  might  have  been  anticipated,  since  this  State  contains 
within  its  limits  16,000  square  miles  of  coal-measures,  nearly  28  per 
cent,  of  the  entire  area  of  the  Appalachian  Coal-Field.  Out  of  fifty- 
four  counties,  only  six  are  without  coal-beds.  The  kinds  of  coal  on 
exhibition  were  bituminous,  semi-bituminous,  splint,  block,  and  can- 
nel.  Among  the  iron  ores  there  were  numerous  specimens  of  car- 
bonates and  black  bands,  the  analyses  of  many  of  which  were  given ; 
limonites  in  variety,  and  fossiliferous  ores;  hematite,  many  with 
analyses.  There  were  also  white  sands  for  glass-making ;  white  flint ; 
black  flint  from  a  stratum  six  feet  thick;  yellow  ochre;  barite;  fire- 
clays with  analyses,  and  some  without  a  trace  of  iron ;  whetstones ; 
Ritchie  mineral,  or  grahamite,  from  Ritchie  County,  the  mine  now 
exhausted.  A  neat  catalogue  of  the  exhibit  was  circulated.  Forty- 
two  counties  of  the  State  contributed.  A  work  on  the  Resources  of 
West  Virginia,  of  430  pages,  by  M.  F.  Maury,  was  prepared  under  the 
direction  of  the  State  Board  of  Centennial  Managers,  and  copies  were 
presented  to  visitors. 
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WISCONSIN. 

The  Exhibition  was  indebted  to  Wisconsin  for  a  good  display  of 
crystalline  rocks  and  a  fine  series  of  organic  remains  from  the  palaeo- 
zoic strata  of  the  State.  In  addition,  there  were  good  exhibits  of  the 
Clinton  red  iron  ores,  found  at  Mayville;  Huronian  magnetites  from 
Penokie  Range ;  bog  and  other  iron  ores ;  galenas ;  a  variety  of  cop- 
per ores;  zinc  ores;  kaolins;  peat;  sands;  mineral  paints;  a  variety 
of  granites  and  other  building-rocks,  and  porphyries.  The  different 
formations  were  systematically  illustrated  by  suites  of  rocks  and 
fossils,  and  their  economic  contents  and  products  by  suitable  speci- 
mens. The  formations  of  Wisconsin  are  the  Laurentian,  occupying 
one-third  of  the  area  of  the  State^  though  often  buried  beneath  the 
drift ;  the  Huronian,  mostly  confined  to  the  Penokie  Range  in  Ash- 
land County  and  the  Menomonie  iron  district  ii\  Oconto  County; 
Potsdam  Sandstone^  occupying  a  large  area ;  Lower  Magnesian  Ume- 
stone;  St,  Peter's  Sandstone;  Trenton  Limestone,  consisting  of  two 
limestones, — the  Buff,  eight  to  twenty  feet  thick,  and  the  Blue,  one 
hundred  feet  thick;  Galena  Limestone ;  the  Cincinnati  Group,  the  top- 
most of  the  Lower  Silurian  ;  Clinton  ;  Niagara,  including  the  Racine 
Limestone,  at  the  top  of  the  Upper  Silurian ;  Hamilton,  of  Devonian 
age;  and,  lastly,  the  Quarternary. 

The  State  had  at  hand  a  book  of  85  pages  bearing  the  title,  The 
State  of  Wisconsin ;  embracing  Brief  Sketclus  of  its  History,  Position^ 
Resources,  and  Industries,  and  a  Catalogue  of  the  Exhibits  at  the  Cen- 
tennial at  Philadelphia,  i8y6, 

DOMINION  OF  CANADA. 

The  section  of  the  Main  Building  assigned  to  Canada  was  a  na- 
tional museum  in  itself.  Crowded  with  specimens,  well  arranged 
and  in  great  variety,  it  was  the  admiration  of  visitors.  The  collection 
was  an  aggregate  of  displays,  including,  with  that  of  the  Geological 
Survey,  which  was  by  far  the  most  important,  and  the  nucleus  about 
which  the  others  were  gathered,  a  multitude  of  displays  from  Ontario, 
Quebec,  Nova  Scotia,  New  Brunswick,  and  British  Columbia.  No 
one  could  see  the  collection  without  being  impressed  with  the  great- 
ness and  varied  character  of  the  mineral  wealth  of  Canada.  The 
Geological  Survey,  Alfred  R.  C.  Selwyn,  Director,  received  com- 
mendation for  the  great  merit  of  its  collection,  which  included  the 
economic  minerals  of  the  Dominion,  together  with  specimens  of  the 
economic  rock-materials,  an  interesting  series  showing  the  various 
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rock  formations,  a  fine  and  complete  group  illustrating  the  history 
of  Eozoon  Canadense,  and  the  published  maps  of  the  Survey. 

The  following  entry,  made  by  the  Survey,  in  the  Official  Catalogue 
of  the  Exhibition,  and  taken  as  typical  of  the  entire  collection  in  the 
section,  will  convey  an  idea  of  the  richness  and  varied  character  of 
the  Canadian  exhibit : 

a  Quartz,  magnetic  sand,  and  alluvial  gold,  models  of  gold  nuggets,  platinum,  copper 
pyrites,  native  copper,  magnetite,  magnetic  iron  sand,  hematite,  iron  ores,  iron  pyrites, 
native  iron,  antimony  ore,  galena,  blende,  barite,  mica,  magnesite,  kermesite,  celes- 
tite,  albite,  orthoclase,  asbestos,  amethyst,  agates,  and  Canadian  rocks. 

b  Coal  from  Saskatchewan  River,  hittmiinous  shale,  crude  and  inspissated  petroleum. 

c  Sandstones,  marbles,  marble  column,  dolomite,  limestone,  syenite,  granite,  gneiss, 
labradorite,  jasper  conglomerate,  ornamental  and  polished  slate,  cut  and  polished 
stones. 

d  Hydraulic  cement,  gypsum. 

/  Clay,  fire-clay,  clay  for  moulding,  river  and  moulding  sand,  soapstone. 

f  Graphite. 

g  Lithographic  stones,  grindstones,  whetstones,  buhrstones,  granite  for  millstones. 

h  Brine,  mineral  water,  phosphate  of  lime,  shell  marl. 

Many  of  the  specimens  were  of  large  size,  and  not  a  few  remarkable 
for  their  beauty. 

GREENLAND  (DENMARK). 

Cryolite,  of  which  there  were  massive  specimens  in  the  Exhibition, 
represented  Greenland.  •  It  was  exhibited  as  a  crude  material  from 
which  the  salts  of  sodium  and  aluminium,  together  with  other  pro- 
ducts, are  manufactured.  Cryolite  is  shipped  from  West  Greenland 
in  large  quantities.     It  occurs  in  a  remarkable  bed  or  vein  in  gneiss. 

We  add  also  the  large  mass  of  the  wonderful  meteorite  from  Ovifak, 
displayed  upon  the  grounds  near  the  Main  Building. 

MEXICO. 

About  400  specimens  of  minerals,  rocks,  and  ores  were  on  exhibi- 
tion from  this  country,  some  of  which  were  noted  for  size  and  interest. 
They  were  comprised  in  numerous  minor  collections,  and  included 
principally  ores  of  silver,  mercury,  lead  and  iron,  silver-lead,  crude 
sulphur  from  the  volcano  Popocatepetl,  and  marbles.  A  large  ex- 
hibit of  bromide  of  silver  (bromyrite)  from  Catorce,  State  of  San  Luis 
Potosi ;  an  immense  mass  or  cake  of  silver,  cupelled  from  two  hun- 
dred and  seventy-two  tons  of  lead,  and  weighing  four  thousand  and 
two  pounds,  from  the  reduction-works  of  Trojes,  State  of  Michoacan; 
a  specimen  of  meteoric  iron  of  large  size  from  the  State  of  Chihuahua, 
weighing  four  thousand  pounds ;  and  a  large  block  of  a  peculiar  and 
beautiful  stalagmitic  limestone  from  Puebla  bearing  the  name  of 

24 
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"Mexican  onyx/'  used  as  an  ornamental  marble,  were  attractive 
objects  in  the  display,  th^  cake  of  silver  and  the  onyx,  with  the 
articles  made  of  it,  especially  arresting  public  attention.  See  further, 
page  396. 

BERMUDAS,  BAHAMAS,  JAMAICA,  AND  TRINIDAD   (BRITISH). 

Among  the  many  curious  and  useful  objects  from  these  islands  a 
few  were  illustrative  of  their  geology  and  mineralogy.  From  the 
Bermudas  were  fragments  of  a  stalagmite  and  a  stalactite,  taken  from 
beneath  the  surface  of  low  water  in  a  partially-submerged  cave. 
These  were  exhibited  in  evidence  of  the  subsidence  which  has  thrown 
the  floors  of  nearly  all  the  caves  below  low-water  mark.  These 
islands,  and  also  the  Bahamas,  contributed  assortments  of  building- 
stones.  The  Bahamas  and  Jamaica  made  exhibits  of  salt,  much  of 
which  is  exported.  Commendation  was  bestowed  for  an  exhibit  of 
asphalt,  taken  from  the  Pitch  lake  of  Trinidad.  It  included  the  crude 
mineral,  boiled  asphalt,  and  glance  asphalt,  the  latter  similar  to  bitu- 
men, indiacum,  and  commercially  known  as  Greek  pitch. 

CUBA. 

In  the  Spanish  section  were  large  and  instructive  displays  of  as- 
phalts from  the  island  of  Cuba.  They  were  commended  for  the 
quality  of  the  material  and  for  general  interest. 

VENEZUELA. 

The  Exhibition  contained  from  this  country  a  superior  and  full 
suite  of  specimens  of  free  gold  ores  and  amalgams  from  various  mines 
in  Venezuela.  There  was  also  a  case  filled  with  ores,  coal,  and  geo- 
logical specimens  intended  to  illustrate  the  resources  of  the  country. 
This  display  was  made  in  the  Agricultural  Hall. 

PERU. 

To  this  Government  an  award  was  justly  granted  for  a  well-arranged 
collection  of  its  ores,  rocks,  and  native  saline  minerals,  supplemented 
by  numerous  analyses.  "  The  collection  consisted  of  250  specimens, 
which  were  held  in  place  by  wire  attachments,  and  included  ores  of 
zinc,  galena,  molybdenum,  antimony,  and  arsenious  acid,  realgar,  a 
variety  of  copper  ores,  also  of  silver,  argentiferous  galena,  iron  ores, 
carbonate  of  copper  and  silver,  malachite,  azurite,  sandstone,  and  cin- 
nabar  from  Huancavelica;  also  a  variety  of  asphalts  and  coal,  nitrate 
of  soda  in  native  blocks,  and  a  variety  of  marbles." — G,  C,  Broad- 
head. 
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CHILI. 

"  The  Chilian  collection  was  fine,  in  portions  rare  and  beautiful. 
The  national  collection  included  300  specimens  of  silver  ores,  also  the 
blue  arragonite  from  Caracoles.  Edward  Sene  exhibited  400  specie 
mens,  including  copper,  silver,  etc.,  and  also  fossils  from  the  Cordil- 
leras. The  collection  of  Emilio  Escobar  deserves  particular  mention, 
and  included  445  specimens,  chiefly  of  silver  ores,  among  which  were 
fine  blood-red  crystals  of  rubyi-silver  (proustite),  chlorides,  chloro- 
bromides,  sulphurets,  native  silver,  and  horn-silver,  with  gold.  The 
Catalogue  names  proustite,  chilenite,  silver,  and  chalcosite,  cerargyrite, 
embolite,  iodyrite,  argentite,  galenite,  chalcopyrite,  gold,  and  cinna^ 
bar." — G,  C,  Broadhead, 

BRAZIL. 

"  The  mineral  and  geological  collection  of  Brazil  was  varied,  and 
included  typical  specimens  of  nearly  all  the  rocks,  ores,  and  minerals, 
as  well  as  precious  stones  of  the  empire.  The  display  of  tourmalines 
was  most  interesting.  The  crystals  were  numerous,  and  of  various 
3hades  of  color;  red,  violet,  green,  and  black.  There  were  topazes, 
some  in  quartz  and  mica  schist;  diamonds,  one  of  them  large;  also 
amethyst  of  fine  quality ;  large,  clear  pebbles  of  rock-crystal ;  a  hol- 
low chalcedonic  pebble,  containing  transparent  jiquid;  also  ber>'I, 
pyrite,  smoky  quartz,  itacolumite,  sulphur,  aquamarine,  rutile,  sheets 
of  mica,  kaolin,  magnetic  iron,  goethite,  and  a  variety  of  other  iron 
ores,  stalactites;  specimens  of  gold.  The  coal,  bituminous  shales, 
and  marbles  were  represented  in  variety.  The  various  rocks  were 
illustrated  by  nearly  200  specimens." — G.  C.  Broadhead, 

For  a  notice  of  the  geology  and  mineralogy  of  Brazil,  see  page  397. 

ARGENTINE  REPUBLIC. 

The  exhibit  from  this  country  was  an  aggregate  of  many  private 
and  provincial  collections,  with  that  of  the  University  of  Cordova. 
The  specimens,  generally  small,  were  at  least  1200  in  number.  Ores 
of  silver  were  vtry  numerous,  most  of  the  collections  containing 
them.  There  were  also  ores  of  lead,  copper,  manganese,  antimony, 
nickel,  cobalt,  iron,  chromium,  gold,  with  other  minerals,  such  as 
gypsum,  sulphur,  salt,  crystals  of  quartz,  barite,  copperas,  alum,  cal- 
cite,  feldspar,  mica,  talc,  lapis-lazuli,  glauber  salt,  tourmalines,  garnets, 
beryls,  lignites,  coals,  marls,  clays,  kaolin,  asbestos,  bituminous 
schists,  ochres,  nitre,  marbles,  whetstones,  lithographic  and  hydraulic 
rocks,  serpentine,  porphyries,  granite,  slates,  volcanic  stones,  and 
other  minerals  and  rocks,  which  it  is  not  necessary  to  enumerate. 
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The  whole  was  wonderful  for  its  variety.  Many  of  the  specimens,  or 
suites  of  specimens,  were  intended  to  illustrate  some  special  feature 
of  a  metallic  lode  or  some  geological  relation,  and  in  the  catalogue 
prepared  by  the  Republic  instructive  notes  on  many  specimens  were 
freely  introduced.  The  palaeontological  display  was  meagre,  though 
a  number  of  the  collections  contained  fossils. 

GREAT  BRITAIN. 

The  geological  and  mineralogical  displays  of  crude  material  from 
Great  Britain  were  by  no  means  proportionate,  in  extent  and  interest, 
to  the  displays  made  by  this  country  in  other  departments  of  the 
Exhibition.  One  part,  however,  of  the  geological  exhibit  received 
the  highest  praise, — a  selection  of  the  superb  maps  and  sections  of 
the  Geological  Survey  of  the  United  Kingdom.  This  embraced  geo- 
logical maps  of  parts  of  England,  Wales,  Scotland,  and  Ireland,  on 
the  scale  of  one  inch  to  one  mile ;  maps  illustrative  of  the  coal-fields 
of  parts  of  Northumberland,  Durham,  Lancashire,  and  Yorkshire,  on 
a  scale  of  six  inches  to  one  mile ;  horizontal  sections,  six  inches  to 
the  mile,  descriptive  of  the  geology  of  the  country  over  which  they 
are  drawn,  giving  the  outline  of  the  ground  and  the  dip  of  the  beds ; 
and  vertical  sections,  forty  feet  to  the  inch,  giving  details  illustrative 
of  the  maps  and  horizontal  sections.  These  were  supplemented  by 
ten  volumes  of  memoirs,  descriptive  of  the  maps,  thirteen  volumes 
devoted  to  British  organic  remains,  and  mineral  statistics  for  five 
years,  commencing  with  1870,  the  whole  showing  the  vast  and  tho- 
rough work  done  by  the  Survey.  England  exhibited  iron  ores,  can- 
nel  and  gas  coals,  and  materials  for  the  manufacture  of  concrete  and 
Portland  cements.  The  Gray's  Chalk  Quarries  Company  presented 
a  display  of  chalk  and  chalk  flints,  with  articles  prepared  from  chalk. 
G.  K.  Harrison  displayed  crude  Stourbridge  fire-clay,  and  specimens 
of  the  same  clay  arranged  to  show  the  very  small  amount  of  contrac- 
tion the  pieces  suffer  in  being  subjected  to  intense  heat.  Robert 
Dunn  &  Co.  showed  pieces  of  "  China  clay,"  with  samples  for  potting, 
bleaching,  paper  manufacturing,  and  other  purposes.  Wales  was  rep- 
resented by  admirable  roofing-slates ;  Scotland  and  Ireland  by  beau- 
tiful red  and  gray  granites,  mostly  wrought  into  polished  monuments. 

PORTUGAL. 

Ores  of  copper,  antimony,  lead,  zinc,  tin,  manganese,  and  iron;  nu- 
merous and  excellent  building-stones  in  many  exhibits;  specimens 
of  marble,  in  variety  and  great  number ;  slates,  anthracite,  apatite, 
whetstones,  hydraulic  cement,  and  mineral  waters;  were  the  minerals 
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and  economic  materials  in  the  geological  display  of  Portugal.  From 
the  mine  of  S.  Domingos,  in  Mertola,  Province  of  Alemtejo,  were 
very  large  and  notable  masses  of  iron-pyrite,  containing  an  average 
of  2.75  per  cent,  of  copper,  with  maps  and  drawings  illustrating  the 
general  features  of  this  interesting  and  anciently-worked  locality.  An 
ingot  of  silver  and  a  small  lump  of  gold,  extracted  from  500  tons  of 
the  ore,  were  exhibited  more  as  matters  of  scientific  interest  than  for 
any  commercial  significance  attached  to  them.  Other  mines  were 
illustrated  by  good  maps.  Recent  geological  maps  of  the  kingdom, 
and  parts  of  the  kingdom,  merited  and  received  attention  for  their 
scientific  interest. 

SPAIN. 

The  mineral  and  economic  rocks  of  Spain  were  well  represented  by 
a  host  of  specimens,  from  many  provinces  and  in  great  variety,  well 
displayed,  many  of  them  of  good  size,  all  instructive  and  highly  sug- 
gestive of  varied  and  great  native  wealth.  From  the  Horcajo  Mine 
were  mining  maps  and  a  good  industrial  and  mineralogical  collection. 
The  corps  of  Mining  Engineers,  Madrid,  presented  a  collection,  con- 
sisting of  pieces  of  ore  from  all  the  principal  mining  districts  of  the 
country,  together  with  statistics.  The  varieties  of  marble  in  polished 
blocks  were  numerous.  With  these  were  slabs  of  granite  and  green 
serpentine.  The  rock-salt  of  Cardona  was  represented  by  a  full  col- 
lection of  beautiful  specimens.  Among  the  ores  were  cinnabars  from 
Almaden  and  other  points,  iron  ores  from  many  provinces,  galenas, 
ores  of  manganese,  nickel,  cobalt,  tin,  silver,  zinc,  and  copper. 

There  were  also  specimens  of  barite,  gypsum,  and  alabaster,  sul- 
phur, asphaltic  rock,  and  lime-phosphates,  the  latter  from  several 
mines  worked  by  the  Fraternidad  Society;  displays  of  stalactites, 
jasper,  stone-coals,  graphite,  jet,  steatite,  building-stones,  grindstones, 
whetstones,  tripoli,  slates,  clays,  and  mineral  waters. 

The  section  of  the  Main  Building  assigned  to  Spain  contained  also 
exhibits  from  the  Canary  Islands,  the  island  of  Cuba,  and  the  Philip- 
pine Islands.  Notices  of  these  exhibits  are  given  under  the  head  of 
Canary  Islands  and  of  the  two  colonies  respectively. 

FRANCE. 

Prominent  among  the  French  displays  were  crude  masses,  as  well 
as  dressed  blocks  and  many  manufactured  millstones,  of  the  well- 
known  and  unexcelled  buhrstones,  from  the  tertiary  deposits  of  La 
Ferte-sous-Jouarre  (Seine-et-Marne).  The  best  varieties  of  the  buhr- 
stone  were  to  be  seen  in  the  commendable  exhibits  made.  These 
were  located  in  the  Agricultural  Hall.     Near  them  was  a  display  of 
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lithographic  stone,  in  fine  slabs,  some  of  large  size,  the  material  dark- 
bluish  or  dove-colored,  and  of  good  quality,  the  collection  of  the 
Lithographic  Stone  Quarry  Company,  of  Paris.  Other  articles  in  the 
building  were  cement-materials,  with  manufactured  products,  lime- 
phosphates,  chalk,  marble,  and  moulding-sand.  In  the  Main  Build- 
ing, Eloffe  &  Co.,  Paris,  presented  a  good  systematic  suite  of  rocks 
and  minerals,  about  500  in  number,  arranged  for  purposes  of  instruc- 
tion. Geological  maps  of  France  were  entered  by  the  Department 
of  Public  Works,  Paris. 

BELGIUM. 

An  award  was  granted  to  the  Bleyberg-es-Montzen  Joint  Stock 
Company,  Province  of  Liege,  for  a  full  and  instructive  series  of  lead, 
silver-lead,  and  zinc  ores,  raw  and  mechanically  prepared,  with  their 
metallurgical  products.  Buhrstone,  much  like  that  of  the  Paris  basin, 
from  quarries  in  Ermeton  and  Temploux,  Belgium,  was  well  displayed 
in  the  millstones  exhibited  in  Machinery  Hall,  by  L.  Dassonville  de  St 
Hubert,  of  Namun  Basecles  (Hainaut)  contributed  samples  of  black 
marble  for  pavements,  and  stones  of  blue  and  gray  colors.  To  this 
country  also  the  Exhibition  was  indebted  for.  copies  of  the  classic 
palaeontological  works  of  Dr.  L.  De  Koninck,  of  Liege,  and  of  the 
works  on  mining,  by  C.  De  Cuyper  and  A.  Noblet. 

NETHERLANDS. 

The  geological  and  mineralogical  portion  of  the  display  made  by 
the  Netherlands  was  limited.  It  consisted  principally  of  clays  from 
the  mother-country,  and  small  collections  of  ores,  minerals,  and  rocks 
from  the  East  Indian  colonies,  the  whole  inadequately  representative 
of  the  kingdom  and  its  dependencies. 

GERMANY. 

The  minerals,  economic  rock-material,  and  geological  maps  con- 
tributed by  the  German  Empire  constituted,  taken  together,  one  of 
the  most  interesting  and  prominent  displays  of  its  class  in  the  Exhi- 
bition. The  collections  comprising  the  display  were  divided  between 
the  Main  Building  and  Machinery  Hall.  In  the  first  was  a  magnifi- 
cent and  costly  collection  of  pieces  of  amber,  in  their  native  state, 
which  attracted  great  attention.  With  it  was  a  case  of  selected  speci- 
mens, each  inclosing  a  fossil  insect  in  its  transparent  mass.  The 
amber  represented  a  great  industry,  there  being  nearly  3000  workmen 
engaged  on  the  coast  of  the  Baltic  in  obtaining  it.  Near  by,  and  rep- 
resenting seven  manufacturing  establishments,  was  a  joint  exhibition 
of  the  rock-salt  and  potash-salts  of  the  wonderful  beds  of  Stassfurt, 
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with  illustrative  maps.  In  the  same  section  were  abo  slabs  of  the  re- 
nowned  lithographic  stones  of  Solenhofen,  and  an  array  of  superior 
geological  maps  of  Prussia,  Thuringia,  and  Bavaria.  In  Machinery 
Hall  the  famous  manganiferous  spathic  iron-ores  of  Siegerland  were 
well  displayed,  in  attractive  heaps  and  pyramids,  in  connection  with 
their  metallurgical  products,  especially  spiegeleisen.  Other  ores  of 
iron  and  specimens  of  coal  were  shown.  In  the  same  building  were 
millstones,  and  stones  for  polishing  and  abrading  wood  for  paper 
pulp.  To  these  were  added  a  joint  exhibition  (representing  many 
works,  great  capital,  and  thousands  of  hands)  of  lead,  copper,  zinc, 
lead-silver,  and  copper-silver  ores,  and  the  products  of  their  reduc- 
tion. There  were  also  asphaltic  rocks  and  clays;  and,  not  to  be 
overlooked,  an  admirable  set  of  glass  models  of  crystalline  forms  for 
purposes  of  instruction. 

DENMARK  (INCLUDING  ICELAND  AND  THE  FAROE  ISLANDS). 

Denmark  was  represented  in  private  collections,  mainly  ethnologi- 
cal, by  a  few  minerals  from  Iceland,  Faroe  Islands,  and  Greenland. 
See  also  under  Greenland,  page  369. 

SWEDEN. 

The  Swedish  contribution  was  very  creditable.  It  consisted  promi* 
nently  of  iron  ores  and  the  products  of  their  reduction,  copper  ores, 
wrought  porphyry,  polished  granites,  marbles,  and  other  rocks,  grind- 
stone and  millstone  grits,  cement-materials,  and  geological  maps. 
The  Jernkontoret,  a  Swedish  association  of  iron-masters,  made  a  col- 
lective exhibit  of  iron  ores  (magnetites  and  hematites)  and  their  pro- 
ducts, in  which  nineteen  iron-works  were  represented.  The  exhibit 
was  commended,  both  as  a  most  scientific  and  instructive  one,  show- 
ing not  only  the  raw  materials,  but  the  means  employed  for  their 
treatment.  Forming  a  part  of  this  collection  were  maps  of  mines,  and 
a  general  map  of  the  principal  mining  districts  in  Sweden,  with  a  suite 
of  minerals  illustrating  the  map.  Other  exhibits  of  iron  ores  were 
made  by  companies  and  individuals.  Ores  of  nickel,  zinc,  and  lead, 
as  well  as  specimens  of  coal  and  peat,  were  also  presented.  The 
Geological  Survey  of  Sweden  exhibited  admirable  maps,  with  good 
illustrative  collections  of  rocks  and  fossils, 

NORWAY. 

The  collections  in  the  Exhibition  from  Norway  were,  like  those 
from  Sweden,  very  satisfactory.  Thanks  are  due  to  several  gentle- 
men of  the  Geological  Survey  of  Norway,  Dr.  Th.  Kierulf,  Director, 
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for  many  excellent  maps,  sections,  and  generalized  representations, 
and  series  of  rocks  and  minerals  elucidating  the  geology  and  miner- 
alogy of  this  country.  A  number  of  nickel  and  copper  mines  con- 
tributed suites  of  ores,  with  products  and  slags,  showing  what  has 
been  done  in  the  production  of  these  metals.  The  nickel  mines  are 
very  promising,  and  some  recently  discovered  employed,  in  1870, 
two  hundred  men,  and  produced  ores  and  nickel  to  an  amount  of 
^100,000.  The  Kongsberg  Silver  Mines  had  an  attractive  display  of 
native  silver  and  silver  bars,  with  the  associated  minerals  of  the  lodes, 
including  sulphides  of  silver,  calcite,  quartz,  barite,  fluorite,  etc.,  also 
a  plaster  cast  of  a  large  nugget  found  in  1867,  and  weighing  161  kilo- 
grammes. The  annual  production  of  these  mines  is  now  about  4003 
kilogrammes  of  silver  and  10,000  kilogrammes  of  copper.  Titanic 
iron  ores,  stones  for  pavements  and  curbs,  slates  for  table-tops,  floors, 
and  roofs,  specimens  of  apatite  and  millstone,  were  also  among  the 
Norwegian  contributions. 

RUSSIA. 

The  part  of  the  Main  Building  occupied  by  Russia  was  a  centre  of 
great  attraction,  both  for  scientists  and  the  public,  made  so  chiefly  by 
magnificent  displays  of  rich  and  rare  minerals  and  a  remarkable  col- 
lection (that  of  Hoessrich  &  Woerffel,  St.  Petersburg)  of  costly  and 
beautiful  vases,  urns,  tables,  table-tops,  mantels,  and  other  articles  of 
ornament  wrought  out  of  malachite,  lapis-lazuli,  rhodonite  and  labra- 
dorite,  the  stones  coming  mostly  from  the  Ural  Mountains  and  Sibe- 
ria. The  principal  exhibit  of  minerals  was  contributed  by  the  Impe- 
rial Mining  School,  and  embraced  343  choice  specimens,  from  the 
Urals,  Siberia,  and  Finland,  some  of  them  of  great  value.  Among 
them  were  specimens  of  gold,  silver,  platinum,  and  copper,  also  ores 
of  antimony,  tin,  zinc,  lead,  mercury,  and  iron ;  telluric  silver,  chromic 
and  titanic  iron ;  topazes  of  extraordinary  size  and  interesting  crys- 
talline forms,  emeralds,  aquamarines,  garnets,  zircons,  tourmalines, 
jaspers,  agates,  lapis-lazuli,  malachite,  and  many  other  species.  This 
school  exhibited  furthermore  a  collection  of  rocks  and  fossils  illus- 
trative of  formations  in  the  empire.  The  Department  of  Mines, 
St.  Petersburg,  was  highly  commended  for  a  display  of  native 
platinum,  some  masses  of  great  size,  osmiridium,  purified  platinum, 
and  specimens  illustrating  its  various  stages  of  production.  Other 
exhibits  included  ores  of  iron,  copper,  zinc,  gold  and  gold-bearing 
earth,  coals,  clays,  graphite,  plaster,  and  mineral  waters  ;  also  a 
series  of  maps  and  sections  of  great  scientific  interest,  illustrating 
the  geology  of  the  Ural  Mountains  and  other  parts  of  Russia. 
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THE  AUSTRO-HUNGARIAN  EMPIRE. 

Though  ranking  in  varied  mineral  wealth  among  the  richest  coun- 
tries of  Europe,  this  empire  had  comparatively  a  limited  display  of 
rocks  and  minerals.  Nevertheless  there  was  much  of  interest  in  the 
exhibitions  made.  From  the  Duchy  of  Carinthia  was  a  commendable 
and  instructive  series  of  geological  specimens  and  ores ;  from  Bohe- 
mia and  the  Tyrol  a  collection  of  the  fine  garnets,  rough  and  cut,  for 
which  localities  in  these  dependencies  are  so  famous ;  from  Hungary, 
a  group  of  beautiful  and  valuable  rough  opals,  one  of  which,  a  slab 
weighing  602  karats  and  rich  in  exquisite  colors,  was  valued  at 
twenty-five  thousand  dollars;  from  Bukowina,  specimens  of  the 
manganese  oxide  (pyrolusite)  so  extensively  mined  in  this  duchy, 
5,750,000  kilogrammes  being  yearly  raised  and  used  in  Austria  and 
Germany  by  the  makers  of  aniline  colors,  glass,  and  soda ;  from  Gal- 
icia,  asphalt  and  mineral  resin  and  the  ozocerite  or  "  mineral  wax" 
used  for  making  candles.  Other  collections  included  ruddle  and  red 
chalk,  and  a  variety  of  celebrated  mineral  waters. 

SWITZERLAND. 

The  geology  of  the  great  tunnel  of  the  St.  Gothard  Railroad  was 
illustrated  by  geological  tables  and  sections,  as  well  as  by  a  pyramid 
of  rock  specimens,  which  was  surrounded  by  a  group  of  quartz-crys- 
tals. Swiss  asphaltic  rock,  commended  for  the  superior  quality  of 
the  asphalt,  was  exhibited  by  the  Neuchatel  Asphalt  Company. 
There  were  furthermore  ten  volumes  on  the  geology  of  Switzerland, 
with  numerous  geological  maps,  the  exhibit  of  the  Swiss  Geological 
Commission. 

ITALY. 

This  country  favored  the  Exhibition  with  samples  and  collections 
of  native  sulphur,  rock-salt,  volcanic  and  miscellaneous  minerals, 
marbles  and  alabasters  in  variety,  limestones,  earthy  pigments,  slabs 
of  banded  quartzites  (flagstones),  lithographic  stones,  and  mineral 
waters.  The  displays  of  sulphur,  raw  and  refined,  were  numerous. 
In  Agricultural  Hall  was  a  full  display  of  the  dove-colored  litho- 
graphic stones  of  the  Oneglia  quarries.  Many  stones,  neatly  trimmed, 
some  of  large  size,  were  included.  In  this  building  also  were  seen 
duplicate  sets  of  the  interesting  Vesuvian  minerals,  the  property  of 
Giovanni  Cozzolino.  Among  the  Italian  minerals  was  a  collection 
of  crystallized  specimens,  for  which  Francesco  Tagliavia  &  Co.  received 
an  award. 
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TURKEY. 

Emery,  an  important  mineral  product  of  Asiatic  Turkey, — ^which 
country,  together  with  certain  Grecian  islands,  is  the  great  source  of 
commercial  supply, — ^was  represented  in  the  Turkish  section  by  several 
cabinet  specimens  from  a  number  of  localities  in  the  Province  of 
Aydin  and  other  provinces.  Other  exhibits  from  Turkey  included 
specimens  of  meerschaum  (sepiolite),  talc,  chalk,  lignite,  coal,  graph- 
ite, sulphur;  lead,  silver,  and  silver-lead  ores;  chromic  iron  and  copper 
ores ;  rock-crystals,  marbles,  clays,  and  mineral  waters. 

EGYPT. 

The  National  Museum  of  Egypt  entered  for  exhibition  specimens 
of  gold-dust,  marbles  rough  and  wrought,  alabaster,  lime  and  plaster, 
clays,  and  materials  for  pottery,  petrified  wood,  sand,  and  soils. 

TUNIS. 

Among  the  exhibits  of  his  Highness  the  Bey  of  Tunis  was  a  col- 
lection of  minerals  and  ores  illustrative  of  the  native  resources  of  this 
country.  The  chief  mineral  products  of  Tunis  are  ores  of  lead  and 
mercury,  saltpetre,  and  sea-salt. 

THE  CANARY  ISLANDS  (SPANISH). 

A  display  of  building-rock  from  these  islands,  the  material  of 
volcanic  origin,  received  favorable  notice  for  their  representative 
character.     Specimens  of  jasper  and  flagstones  were  also  entered. 

LIBERIA. 

This  republic  had  an  interesting  miscellaneous  display,  illustrating 
its  resources  and  products,  in  Agricultural  Hall,  embraced  in  which 
were  numerous  specimens  of  iron  ore. 

GOLD   COAST  (BRITISH). 

» 

Gold  Coast  is  the  name  generally  given  to  the  portion  of  Upper 
Guinea,  West  Africa,  which  stretches  along  the  Gulf  of  Guinea  from 
the  river  Assini  on  the  west  to  the  river  Volta  on  the  east.  Speci- 
mens of  gold-dust  and  numerous  ornaments  made  from  the  gold  of 
the  country,  a  block  of  granite  polished  by  native  workmen,  and 
pieces  of  white  clay  used  in  medicine  and  to  "  chalk"  divorced  wives, 
were  entered  among  the  curious  objects  in  the  exhibit  from  this 
region. 
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ORANGE  FREE   STATE. 

In  the  attractive  collection  contributed  by  this  South  African  state 
were  a  number  of  geological  and  mineralogical  specimens.  A  collec- 
tion of  uncut  diamonds  was  remarkable  and  attracted  general  notice. 
One  of  these  was  imbedded  in  its  native  matrix.  Another  of  good 
size  was  a  well-formed  crystal  of  modified  octahedral  form.  A  lot  of 
pebbles,  samples  of  those  which  accompany  the  diamonds,  specimens 
of  copper  and  iron  ores,  chlorastrolite,  magnesite,  stone-coal,  and 
kaolin  were  also  exhibited. 

CAPE   OF  GOOD   HOPE. 

This  colony  was  represented,  in  the  way  of  minerals,  by  commend- 
able displays.  An  award  was  granted  to  H.  C.  R.  Bright  for  a  satis- 
factory series  of  minerals,  among  which  were  iron,  copper,  and  tin 
ores.  Collections  of  diamonds  with  the  associated  rocks  were  highly 
appreciated.  These  were  supplemented  by  displays  of  galena,  coppei 
ores,  black  oxide  of  manganese,  saltpetre,  and  coal  from  the  Stormber- 
gen  and  other  South  African  coals.  There  was  further  a  geological 
map  of  Cape  Colony. 

SOUTH  AFRICAN  REPUBLIC. 

W.  A.  B.  Cameron  of  this  republic  was  commended  for  "a  rich  col- 
lection of  gold  nuggets  from  Pilgrims'  Rest  Creek,  near  Delagoa  Bay, 
near  east  coast  of  Africa.  This  is  a  large  and  rich  collection,  being 
valued  at  fourteen  thousand  dollars,  and  mined  by  the  exhibitor,  by 
the  process  known  as  sluicing.  With  the  gold  is  a  small  collection 
of  various  minerals  indigenous  to  that  country,  including  a  beautiful 
specimen  of  amber  in  which  is  imbedded  a  tsetse  fly.  The  entire 
collection  is  of  great  scientific  interest,  the  nuggets  running  from  one 
hundred  to  fourteen  hundred  dollars  each  in  value."  See  Report  3, 
Supplement  to  Reports  of  Judges  on  Appeals^  Group  I. 

BRITISH  INDIA,  CEYLON,  AND  THE  STRAITS  SETTLEMENTS. 

Through  the  agency  of  the  Director  of  the  Indian  Museum,  Lon- 
don, the  Exhibition  was  supplied  with  a  large  and  rich  series  of  min- 
erals, stones,  and  mining  products,  carefully  classified,  and  gathered 
from  different  parts  of  India,  the  island  of  Ceylon,  and  the  Straits 
Settlements,  illustrating  the  varied  mineral  resources  of  this  part  of 
Asia.  The  selections  made  from  the  Museum  consisted  of  magnet- 
ites, hematites,  limonites,  and  magnetic  iron  sands  from  several  of  the 
Presidencies;  chromic  iron  ores,  manganese  oxides;  copper  pyrites  from 
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the  hills  of  Beloochistan,  and  malachite  from  Central  India ;  galenas 
from  numerous  districts ;  antimony  ores ;  tin-stone  from  Ceylon,  Ma- 
lacca, and  five  other  districts ;  gold  sand,  arsenical  ores,  sulphur ; 
coal  from  five  districts,  including  Malacca;  h'gnite;  petroleum  and 
naphtha  from  Burmah ;  rock-salt  from  salt  ranges ;  saltpetre,  lime- 
stones, "laterite,"  calcite,  selenite,  micas,  agalmatolite,  zeolites;  a  va- 
riety of  clays — fire,  china,  and  ball  clays — from  many  districts ; 
quartz,  ochres,  earths,  graphites,  from  five  districts,  including  Ceylon; 
corundum  from  Madras,  Salem,  and  Mysore ;  agates  and  carnelians 
from  Cambay ;  gem  sand  from  Ceylon ;  ruby  sand,  rough  garnets ; 
calderite  from  Nepaul ;  tourmalines,  fibrous  gypsum,  and  epidote 
granite. 

Specimens  of  graphites,  raw  and  refined,  from  Ceylon,  and  in  a  dif- 
ferent exhibit,  received  commendation  for  their  superior  character 
and  purity. 

CHINA. 

In  the  truly  grand  and  characteristic  display  made  by  the  Chinese 
Empire,  crude  geological  and  mineralogical  material  occupied  a 
limited  space.  The  Imperial  Maritime  Customs  entered  specimens 
of  coal,  granite,  borax,  and  gypsum.  Articles  made  of  jade  were  ex- 
hibited, one  of  which,  a  jade-stone  tablet,  was  valued  at  ^500.  Borax 
from  Thibet  was  among  the  articles  selected  for  exhibition  out  of  the 
Indian  Museum. 

JAPAN. 

Japan  had,  like  China,  a  magnificent  series  of  wares,  products,  and 
manifold  curious  objects.  The  rocks  and  minerals  of  the  country 
were  moderately  well  represented.  Coal,  iron  ore,  and  porcelain  clays 
constitute  the  most  important  part  of  the  mineral  wealth  of  Japan,  and 
these  had  their  representative  specimens  in  the  Exhibition.  The 
Japanese  Mining  Department  exhibited  a  good  collection  of  the  ores 
of  iron,  copper,  lead,  and  tin ;  also  specimens  of  coals,  including  an- 
thracite, the  display  showing,  in  addition  to  mineralogical  features, 
the  condition  of  metallurgical  industry  in  the  country.  A  separate 
mineral  and  geological  collection,  from  the  island  of  Hokkaido,  was 
also  entered.  Great  interest  was  taken  in  a  Government  exhibit,  by 
the  Kuwangiyo-Riyo  (Imperial  Board  of  Agriculture,  etc.),  of  "  clay, 
china-stone,  kaolin,  silex,  and  other  materials  used  in  the  manufacture 
of  the  pottery  and  porcelain  of  Hizen,  Owari,  and  Ise."  The  Impe- 
rial Commission,  Tokio,  displayed  a  well-arranged  suite  of  Japanese 
building-stones,  which  was  highly  commended  for  *'  its  magnitude; 
symmetry,  and  representative  character,  and  for  the  care  and  good 
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taste  with  which  it  had  been  prepared."  Other  exhibits  included 
petroleums,  limestones  and  lime,  and  mineral  waters.  A  cut  globe 
of  rock-crystal,  six  inches  in  diameter,  and  valued  at  fifteen  hundred 
dollars,  was  a  brilliant  and  attractive  ornament  in  the  Japanese  section. 

SIBERIA  (RUSSIAN). 

Siberian  minerals  and  rocks,  some  of  exquisite  beauty  and  great 
value,  all  highly  interesting,  enriched  the  Russian  collections.  (See 
Russia.) 

PHILIPPINE  ISLANDS   (SPANISH). 

Ores  of  iron,  lead,  and  gold,  with  samples  of  coal,  well  selected,  and 
in  some  cases  accompanied  with  analyses,  together  with  a  metallur- 
gical collection,  embracing  iron  and  copper,  were  contributions  from 
these  islands  of  Southeastern  Asia. 

AUSTRALIA. 

Notwithstanding  the  fact  that  Australia  is  nearly  antipodal  to  the 
eastern  part  of  the  Union,  as  distant  as  it  well  can  be,  the  different 
provinces  of  this  vast  island,  with  its  adjunct,  Tasmania,  held  a  very 
conspicuous  place  among  the  nations  in  the  great  Exhibition.  A 
profusion  of  crude  and  wrought  material,  ores,  rocks,  fossils,  wares, 
goods,  products  of  the  mines,  the  waters,  the  forests,  the  fields  and 
the  shops,  maps,  catalogues,  books,  models,  "  trophies,"  etc.,  attract- 
ively displayed  or  freely  distributed,  arrested  attention  and  advertised, 
in  no  feeble  manner,  the  remarkable  resources  of  this  new  part  of  the 
earth,  and  the  wonderful  progress  that  Anglo-Saxons  have  made 
within  a  few  years  in  its  metamorphosis  from  a  savage  to  a  civilized 
and  enlightened  condition.  Numberless  persons  learned  for  the  first 
time  what  Australia  is  and  what  it  promises.  We  notice  briefly  the 
mineralogical  and  geological  displays  of  the  different  colonies  and 

provinces. 

NEW  SOUTH  WALES. 

This,  with  Victoria,  forms  the  southeastern  part  of  Australia,  the 
latter  lying  south  of  the  former.  New  South  Wales  did  a  great  part 
in  giving  interest  and  importance  to  the  mineral  and  geological  fea- 
tures of  the  Exhibition.  The  contribution  made  was  especially  re- 
markable for  its  magnificent  array  of  tin  ores,  in  a  score  of  collections, 
consisting  in  the  aggregate  of  many  hundred  specimens  of  tin-stone 
(cassiterite),  in  different  forms,  such  as  stream-tin,  pebbles,  black  sand, 
lode-tin,  and  crystals,  of  which  there  was  a  very  full  and  beautiful 
series. 
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A  great  display  of  gold,  gold  nuggets,  auriferous  quartz,  gold  in 
quartz  and  slate,  etc.,  was  also  made,  supplemented  by  a  gilded 
'*  trophy,"  representing  the  volume  of  gold  obtained  in  New  South 
Wales  from  1851  to  1874,  the  value  of  the  gold  being  ;^30,5 36,246 
los,  6d.  Copper  and  iron  ores  in  great  variety,  blocks  of  coal  and 
sections  of  coal-beds,  marbles,  building-stones,  precious  stones,  kero- 
sene shales,  and  cabinets  of  fossils,  were  prominent 

The  Department  of  Mines,  Sydney,  exhibited  a  collection  of  ores 
and  other  minerals,  rocks,  and  fossils,  numbering  more  than  yoo 
specimens,  and  embracing,  in  addition  to  the  kind  of  ores,  etc.,  spoken 
of  above,  ores  of  mercury,  antimony,  lead,  cobalt,  arsenic,  and  anti- 
mony; chromic  iron,  titaniferous  iron,  wolframite;  specimens  of  asbes- 
tos, quartz-crystals,  fluorite,  epidote,  calcite,  tourmaline,  talc ;  schists, 
granites,  serpentine,  obsidian,  and  petrified  woods.  Of  precious 
stones,  the  collection  contained  diamonds,  opals,  sapphires,  carnelians, 
jaspers,  and  zircons.  The  fossils  were  numerous,  and  arranged  to 
illustrate  the  principal  sedimentary  formations  of  New  South  Wales. 
Among  them  were  bones  of  species  of  diprotodon  and  other  marsu- 
pials. Included  in  other  exhibits  were  numberleiss  specimens  of  tin- 
stone, and,  with  minerals  already  mentioned,  topazes,  garnets,  chalce- 
donies, idocrase,  molybdenite,  pyromorphite,  magnesite,  and  also 
kaolins  and  clays. 

New  South  Wales  is  to  be  commended  for  a  well-digested  cata- 
logue of  its  exhibits,  and  for  various  instructive  works  and  maps 
relating  to  its  mineralogy  and  geology,  copies  of  which  were  on 
exhibition. 

SOUTH  AUSTRALIA. 

The  province  thus  designated  comprises  nearly  one-third  of  the 
entire  area  of  Australia.  It  ought  to  be  called  Middle  Australia, 
as  it  forms  a  belt,  extending  north  and  south,  and  from  sea  to  sea, 
across  the  middle  of  the  Island  Continent.  The  settled  and  improved 
portions  are  on  and  near  the  southern  coast,  the  more  northern  por- 
tions being  yet  in  a  wild  condition.  The  great  mineral  product  of 
South  Australia  is  copper  ore.  The  province  contains  some  of  the 
most  famous  and  richest  mines  of  the  world,  as  the  Burra-Burra,  the 
Wallaroo,  and  the  Moonta.  These  mines,  with  others,  among  them 
the  North  Yelta,  the  Doora,  and  the  Balhannah,  had  rich  displays  of 
copper  ores  and  copper,  which  were  justly  commended  for  fullness 
and  for  the  variety  of  specimens  and  the  purity  of  the  metal  extracted. 
R.  S.  Crabb,  of  Adelaide,  contributed  a  beautiful  block  of  malachite 
from   the   Burra-Burra,  together  with   attractive  pieces  of  azurite. 
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Next  to  copper  ores  in  importance  rank  the  iron  ores.  These  are 
abundant,  and  were  duly  represented. 

The  South  Australian  Commissioners  illustrated  the  gold  resources 
of  the  northern  territory  by  collections  of  auriferous  quartz  from 
many  localities.  Bismuth  from  the  Balhannah  Mine,  marbles,  sand- 
stones, and  slates  from  quarries  near  Adelaide,  and  coorongite,  a  re- 
markable substance,  found  on  the  surface  in  tough,  thin  cakes,  and 
resembling  india-rubber,  hence  called  "mineral  caoutchouc,"  were 
also  exhibited. 

South  Australia  yields,  in  addition  to  the  products  noticed,  ores  of 
antimony,  cobalt,  nickel,  mercury,  platinum,  silver-lead,  precious 
stones,  and  many  other  minerals.  The  province  prepared  for  the 
Exhibition  a  large  volume,  with  maps  and  illustrations,  edited  by 
William  Harcus,  Esq.,  J.P.,  on  its  history,  resources,  and  produc- 
tions, a  work  of  great  interest  and  one  of  the  best  of  the  kind  con- 
tributed. 

VICTORIA. 

This  colony,  though  much  the  smallest,  is  by  far  the  most  popu- 
lous province  of  Australia.  It  made  a  good  showing  of  rocks  and 
minerals  in  the  Exhibition,  the  aggregate  of  the  collections  number- 
ing more  than  one  thousand  specimens.  There  were  granites,  syen- 
ites, porphyries,  felsites,  diorites,  basalts,  schists,  quartzites,  breccias, 
sandstones,  slates,  limestones,  shales,  coals  and  lignite,  rocks  illus- 
trative of  the  different  formations ;  gold  and  gold  ores,  bismuth  and 
bismuth-gold,  osmium-iridium,  silver  ores  (embolite);  nickel,  tin, 
copper,  lead,  zinc,  antimony,  manganese,  iron,  and  chrome  ores ;  rock- 
crystals,  precious  stones,  and  a  variety  of  other  minerals ;  kaolins, 
building-stones  and  marbles,  lithographic  and  sharpening  stones,  and 
fossil  fruits. 

One  collection  of  specimens  of  auriferous  quartz  contained  one 
hundred  and  twenty-nine  pieces,  each  of  which  was  noticed  in  the 
Official  Catalogue  of  Victoria.  A  group  of  gilded  fac-similes  of  the 
great  gold  nuggets  found  in  the  diggings  of  the  colony  since  1858 
excited  the  curiosity  of  all.  There  were  twenty-five  of  these,  the 
originals  having  rejoiced  in  such  names  as  the  "  Beauty,"  the  "  Pla- 
typus," the  "  Kum  Tow,*'  the  "  Needful,"  the  "  Welcome,"  etc.  The 
Acadia  Catherine  Mine  exhibited  valuable  specimens  of  gold  ores. 
Gold  is  by  far  the  most  important  mineral  product  of  Victoria.  The 
amount  raised  in  1874  was  valued  at  ;^4,630,ooo. 

A  cabinet  of  gems  and  precious  stones,  the  exhibit  of  the  Rev. 
J.  I.  Bleasdale,  of  Melbourne,  contained  diamonds,  blue  and  green 
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sapphires,  rubies,  aquamarines,  topazes,  spinels,  beryls,  opals,  garnets, 
tourmalines,  etc.,  found  in  the  colony.  The  antimony  ores  and  regu- 
lus,  as  well  as  a  block  of  nickel  ore,  were  worthy  of  special  mention. 
The  general  display  was  made  the  more  complete  by  a  satisfactory 
Official  Catalogue,  and  by  the  contribution  of  R.  Brough  Smyth,  of 
Melbourne,  consisting  of  a  geological  map  of  Victoria,  various  local 
maps  and  reports  on  the  geology,  palaeontology,  and  mines  of  the 
colony. 

QUEENSLAND. 

The  section  of  the  Main  Building  assigned  to  Queensland  was  well 
filled  with  a  diversity  of  exhibits  systematically  arranged,  the  mineral, 
geological,  and  metallurgical  portions  making  a  very  prominent  part 
of  the  whole.  The  north  side  of  the  rectangular  section  was  devoted 
to  the  illustration  of  the  geology  and  mineralogy  of  the  colony,  by 
means  of  sets  of  photographs  illustrating  the  several  formations,  and 
by  specimens  of  the  rocks,  soils,  fossils,  and  mineral  products  per- 
taining to  them,  disposed  in  table-cases.  Each  of  the  formations  had 
its  set  of  photographs  and  its  table-case,  the  latter  under  the  former, 
and,  on  the  wall  above  both,  a  "  tablet  of  Information."  On  the  same 
side,  towards  the  east,  was  suspended  a  large  colored  map  of  Queens- 
land. Facing  the  geological  map.  on  the  opposite  and  south  wall  of 
the  section,  was  an  instructive  mining  map,  showing  the  position  of 
the  various  gold,  copper,  and  other  mining  districts.  Occupying  the 
east  end  of  the  area  of  the  section,  and  between  the  two  maps  men- 
tioned, were  exhibits  of  ores  and  metals  in  bulk. 

The  Government  of  Queensland  had  a  collective  exhibit,  in  which 
were  included  a  valuable  series  of  specimens  of  auriferous  quartz  and 
gold  nuggets  from  the  Gympie,  Cloncurry,  Ravenswood,  Rockhamp- 
ton,  and  Palmer  diggings,  and  a  gilt  obelisk  representing  the  produc- 
tion of  gold  during  eight  years.  Gold  is  the  most  important  mineral 
product,  and  occurs  at  numerous  points  over  the  colony.  In  1874 
the  yield  of  gold  was  about  £ifiO0fiO0,  which  was  greatly  increased 
the  succeeding  year. 

Copper  ores  (including  a  splendid  slab  of  malachite)  and  ingots,  tin 
ores  and  tin,  with  ingot  trophies  of  both  metals,  called  attention  to 
these  as  elements  in  the  mineral  wealth  of  Queensland.  Copper  ores 
are  mined  at  many  points ;  tin  ores  near  the  borders  of  New  South 
Wales,  in  the  Stanthorpe  district. 

Other  exhibits  were  ores  of  antimony,  mercury,  bismuth,  manga- 
nese, and  iron  ;  samples  of  stone-coal,  building-stones,  polished  ser- 
pentine, chalcedony,  agate,  and  graphite ;  and  a  remarkable  collection 
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of  precious  opals,  numbering  one  hundred  specimens,  many  of  great 
beauty  and  value,  from  the  Valley  of  the  Barcoo,  in  Western 
Queensland. 

TASMANIA, 

Tasmania,  like  its  neighboring  colonies,  made  a  good  representation 
of  native  products.  Among  the  contributions  were  commendable 
exhibits  of  tin  ores,  principally  from  the  rich  and  noted  deposits  of 
Mount  Bischoff,  also  from  George's  Bay  and  Ringarooma ;  gold  in 
quartz  from  the  City  of  Hobart  Mine ;  limonite,  hematites,  and  mag- 
netites, with  the  iron  produced,  from  several  localities ;  bismuth  from 
a  promising  lode  in  the  rocks  of  Mount  Ramsey ;  roofing-  and  school- 
slates,  from  Piper's  River,  on  the  northeast  coast ;  coal  from  Harefield 
and  the  river  Don;  specimens  of  petrified  wood,  marbles,  fossiliferous 
limestones,  gray  and  brown  sandstones,  topazes,  and  beryls  from 
Bass*s  Straits  Island,  asbestos,  and  clays. 

Tin  takes  the  lead  in  importance.  The  Mount  Bischoff  Tin-Mining 
Company  exhibited  a  ton  of  tin  ingots.  The  total  production  of  this 
metal  in  1874  was  490  tons,  valued  at  ;^38,220,  while  that  of  gold 
was  valued  at  ;^i849l.  The  same  year  a  quarter  of  a  million  of 
slates  were  prepared  for  sale  from  the  quarries  of  Piper's  River. 

A  map  of  Tasmania,  showing  the  gold,  coal,  iron,  and  tin  deposits 
and  a  volume  of  statistics,  were  also  contributed. 

NEW  ZEALAND  (BRITISH). 

The  colony  of  New  Zealand,  consisting  of  three  principal  islands, 
the  North,  the  Middle,  and  the  South  (or  Stewart's),  added  interest 
to  the  Exhibition  by  many  exhibits  of  the  classes  we  are  considering. 
There  were  numerous  specimens  of  alluvial  gold,  gold  nuggets,  aurif- 
erous quartz,  etc.,  from  many  localities.  This  metal  has  been  pro- 
duced largely  in  New  Zealand,  principally  in  the  North  and  South 
Islands.  Rich  gold-fields  were  discovered  in  the  spring  of  1857.  The 
total  yield  of  gold  up  to  the  30th  of  September,  1875,  was  7,875,676 
ounces,  valued  at  ;^30,672,834. 

The  coal  resources  of  the  colony  are  remarkable.  Blocks  of  bitu- 
minous coal,  respectively  from  seams  three,  eight,  and  sixteen  feet  in 
thickness,  were  exhibited ;  also  blocks  of  anthracite  and  brown  coal, 
and  specimens  of  petroleum.  Other  minerals  were  iron  ores,  limonite, 
hematite,  and  magnetite ;  chrome,  lead,  silver-lead,  zinc,  copper,  anti- 
mony, and  manganese  ores;  graphite,  steatite,  varieties  of  amphibole, 
and  carnelian.  Among  the  rocks  were  marbles,  h'mestones,  trachytes, 
obsidians,  and  clays  of  several  kinds.  Supplementing  these  were 
maps  showing  localities  of  mineral  deposits. 
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HAWAII. 

Finally,  from  the  middle  of  the  Pacific,  and  representing  the  Ha- 
waiian kingdom  of  volcanic  islands,  were  interesting  geological  speci- 
mens, including  lavas  and  minerals  from  the  famous  volcano  of 
Kilauea,  together  with  maps  and  views  of  this  and  other  volcanoes 
and  their  craters. 


SUPPLEMENT    TO    THE    GENERAL    NOTICE    OF    THE 
GEOLOGICAL   AND   MINERALOGICAL  COLLECTIONS. 


/.   IOWA  AND  ILLINOIS. 


By  G.  C.  Broadhead. 


The  following  is  a  list  of  the  formations  found  in  Iowa  and  Illinois, 
arranged  in  their  proper  sequence,  and  with  their  respective  thick- 
nesses stated  in  feet 


Formation. 
Cretaceous 
Upper  Coal 
Middle  Coal 
Lower  Coal 
Chester     . 
St.  Louis  . 
Keokuk    . 
Burlington 
Kinderhook 
Black  Slate 
Hamilton 
Oriskany  . 
Clear  Creek  Limestone 
Niagara    . 
Cincinnati 
Galena     . 
Trenton 
St.  Peter's 
Calciferous 
Potsdam  • 
Horonian 
Laurentian 


Iowa. 
.  280  feet. 
.  200    " 
.  200    " 
.  200    " 


•  «•••>• 


75  " 

90  " 

190  " 

»75 


<« 


•     •••«•• 


.  200 


•  •••«•• 


K 


« 


350 

(f 

80 

(1 

250 

« 

200 

<« 

So 

(( 

250 

« 

300 

« 

500 

« 

0 

(1 

lUinois. 


1400  feet. 


500  to  800  " 

200  *' 

150  « 

200  " 

150  «' 

10  to   60  " 

120  " 

40  to    60  *< 

350  " 

50  to  200  " 

60  to  140  ** 

27s  " 

50  " 

150  « 

100  " 

o  " 

o  " 

o  «* 


The  State  of  Iowa  had  twelve  illustrative  sections  exhibiting  the 
character  of  the  several  geological  formations  of  the  State.  The 
sections  were  represented  by  specimens  of  the  various  sandstones, 
limestones,  coal,  and  galena  placed  in  their  appropriate  stratigraphical 
relations.    With  the  rocks  were  also  intercalated  the  chief  fossils  of 
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the  formations.    The  thickness  of  each  formation  was  also  placed 
opposite  the  name. 

The  coal-measures  are  similar  to  those  of  Missouri,  and  underlie 
nearly  one-half  of  the  State.  The  upper  measures  include  only  one 
workable  seam  in  the  western  portion  of  the  State;  the  middle 
measures  include  6  seams  of  coal,  4  of  which  are  workable;  the 
lower  measures  contain  the  thickest  seams. 

The  Galena  limestone,  according  to  Professor  White,  occupies  a 
narrow  strip  of  country,  seldom  exceeding  12  miles  in  width,  but  is 
150  miles  long  north  and  south,  and  is  250  feet  thick  at  Dubuque, 
diminishing  in  thickness  and  width  northwest  The  Dubuque  lead 
district  extends  across  into  the  neighboring  States  of  Illinois  and 
Wisconsin. 

The  Iowa  lead  region  proper  is  confined  to  Dubuque  County.  Both 
galena  and  carbonate  of  lead  are  found,  the  ore  occurring  chiefly  in 
east  and  west  lodes,  although  some  is  also  found  in  north  and  south 
lodes.  Lead  was  found  in  this  vicinity  in  the  year  1700,  but  it  was 
not  until  1798  that  much  mining  was  done.  In  that  year,  Julien 
Dubuque,  an  Indian  trader,  obtained  a  grant  from  the  Sacs  and  Foxes 
of  a  large  tract  of  land  on  the  west  side  of  the  river,  where  he  soon 
engaged  in  mining.  Still,  mining  was  not  regularly  commenced  until 
about  1822.     Since  then  it  has  regularly  progressed. 

There  are  two  lead  districts  in  Illinois,  one  in  the  northwest  part 
of  the  State,  the  other  in  the  southern  part,  in  Hardin  County.  The 
Upper  Mississippi  lead  region,  according  to  Whitney,  occupies  an 
area  of  4000  square  miles  in  Illinois,  Iowa,  and  Wisconsin,  of  which 
two-thirds  He  in  Wisconsin.  The  other  third  is  equally  divided 
between  Illinois  and  Iowa.  According  to  Whitney,  the  most  pro- 
ductive portion  of  this  region  lies  between  Dubuque  and  Galena 
and  Shullsburg,  so  that  both  Iowa  and  Illinois  raise  more  lead 
in  proportion  to  their  area  than  Wisconsin.  The  lead  district  of 
Illinois  lies  chiefly  within  Jo  Daviess  and  Stephenson  Counties. 
Professor  Whitney  gives  275  feet  as  the  thickness  of  the  Galena 
limestone,  and  states  that  a  circle  of  four  miles  around  Galena  will 
include  nearly  all  the  productive  lead  region. 

In  Hardin  County,  lead  is  mined  in  the  subcarboniferous  limestone 
of  the  age  of  the  St.  Louis  group,  and,  according  to  Dr.  Norwood's 
report,  the  galena  is  found  in  lodes  and  associated  with  fluor-spar, 
and  occasionally  some  blende.  The  mines  have  been  worked  100 
feet  in  depth. 

Professor   Worthen  estimates  the   coal  formation  to  cover  more 
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than  two-thirds  the  State's  area,  or  35,000  square  miles,  and  to 
include  in  their  northern  extension  5  to  6  workable  seams,  with  an 
aggregate  of  20  feet  of  coal.  In  the  southern  part  of  the  State  it  is 
estimated  that  there  are  1200  feet  of  measures,  and  a  total  aggregate 
in  the  State  of  1400  feet,  extending  from  the  base  of  the  lower  to  the 
upper  inclusive.  In  this  are  included  16  workable  seams,  6  or  7  of 
them  in  the  upper  measures,  the  whole  aggregating  35  to  40  feet  of 
coal,  several  of  which  occasionally  thicken  as  much  as  5  to  7  or  9 
feet.  The  thickest  seams  are  mined  in  the  southern  part  of  the 
State,  and  the  quality  of  the  coal  is  good,  being  much  used  in  iron- 
foundries. 

The  coal-measures  of  Illinois  do  not  materially  differ  in  their 
character  from  the  Missouri  measures,  but  probably  include  a  larger 
proportion  of  sandstones  and  shales. 

//.   MISSOURI. 
By  G.  C.  Broadhead. 

There  were  on  exhibition  about  looo  specimens  of  minerals  and 
rocks,  including  ores,  minerals,  rocks,  clays,  and  fossils.  Among  the 
rocks  were  specimens  of  building-stones,  including  granite  from  Iron 
County,  Madison,  and  St.  Fran<jois ;  porphyry  from  Iron  and  Rey- 
nolds; marble  from  St.  Francois  and  Iron;  polished  specimens  of 
Trenton  limestone  from  St.  Louis  County;  Lower  Carboniferous 
limestone  from  Knox  County;  hydraulic  limestone  from  St.  Louis; 
potter's-clay  from  Iron,  Jefferson,  and  Pettis;  kaolin  from  Iron  County; 
and  fire-clay  from  St.  Louis  and  Vernon  Counties. 

The  geological  formations  were  not  fully  represented,  but  there 
was  a  small  but  good  collection  of  fossils  from  the  Lower  and  Upper 
Carboniferous  systems,  presented  by  Dr.  John  H.  Britts,  of  Clinton, 
Missouri.  Only  a  few  specimens  of  bituminous  and  cannel  coal  were 
exhibited.  The  iron  ores  in  their  several  varieties  were  well  repre- 
sented, and  included  specimens  from  seventeen  counties,  among  which 
were  specular  ore,  both  granular  and  micaceous ;  soft  and  hard  red 
hematite;  compact,  fibrous,  and  stalactitic  limonite,  pyrite,  and  mag- 
netite and  bog  ore,  and  manganiferous  iron. 

There  were  manganese  ores  from  Iron  and  Reynolds  Counties.  Iron 
ores  were  exhibited  from  Iron,  Madison,  St.  Francois,  Reynolds,  Dent, 
Phelps,  Franklin,  Pulaski,  Henry,  Cedar,  Vernon,  Johnson,  and  Linn 
Counties.  Mr.  Edwin  Harrison,  of  Iron  Mountain  County,  had  on 
exhibition  a  piece  of  ore  weighing  several  tons.  There  were  good 
ochres  from   Iron,  Dent,  Vernon,  Johnson,  and  Linn  Counties.     St 
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Genevieve,  St.  Francois,  Madison,  Phelps,  and  Shannon  Counties  fur- 
nished copper  ores,  including  chalcopyrite,  azurite,  and  malachite. 
Lead  ore  is  mined  in  twenty-nine  counties  in  Missouri,  but  only 
twenty  of  them  furnished  specimens  for  exhibition.  The  best  ex- 
hibits of  lead  were  from  Madison,  Washington.  Franklin,  Jefferson, 
Webster,  Christian,  Newton,  Jasper,  Morgan,  Cole,  and  Miller  Coun- 
ties. Mr.  J,  R.  Gage  had  a  specimen  from  Miller  County  that  would 
weigh  nearly  1000  pounds,  and  Mr.  Parsons,  of  St  Jo.  Mines,  one  of 
1500  pounds. 

Zinc  ores  occur  at  most  of  the  Missouri  lead  mines,  and  often  in 
paying  quantity.  At  Mine  La  Motte,  Madison  County,  galena  occurs 
with  nickel,  cobalt,  and  copper.  Cerussite  is  also  found  at  Mine 
La  Motte.  At  St.  Jo.  Mines  sulphuret  of  copper  is  found  with  the 
galena.  At  Palmer  Mines,  in  Washington  County,  the  galena  is  well 
crystallized,  and  many  large  masses,  when  broken,  show  crystals  of 
cerussite.  Anglesite  and  pyromorphite  are  also  sometimes  found. 
At  some  of  the  Palmer  mines  the  galena  breaks  with  an  exceeding 
smooth  surface,  and  some  specimens  from  these  mines  are  entirely 
coated  with  calamine. 

From  Mammoth  Mines,  Jefferson  County,  were  specimens  of  galena 
nicely  crystallized  in  cavities  which  were  lined  with  pyrites,  and  also 
blende  on  quartz  and  pyrites.  Some  of  the  galena  from  Old  Mines, 
Washington  County,  is  well  crystallized  in  cubes.  From  J.  R.  Pat- 
ton's  mines,  in  Christian  County,  were  large-sized  cubes  of  galena. 
The  galena  at  Old  Jones  Mine,  in  Morgan  County,  occurs  with  a 
gangue  of  barytes  in  a  vertical  lode,  varying  from  a  few  inches  to  thir- 
teen inches  in  width.  At  Cole  Camp,  Benton  County,  there  is  a 
similar  lode,  in  which  galena,  blende,  pyrites,  and  barytes  occur.  The 
overlying  clay  here  contains  small  and  nicely-shaped  galena  cubes 
adhering  to  masses  of  barytes. 

Much  of  the  galena  from  Boaz  Mines,  Cole  County,  is  coated 
with  transparent  cerussite,  and  compact  cerussite  has  been  mined 
here  in  large  quantities. 

At  Granby,  Missouri,  the  galena  is  sometimes  well  crystallized, 
and  in  it  are  found  blende,  calamine,  buratite,  cerussite,  smithsonite, 
and  calcite. 

At  Joplin  have  been  obtained  the  handsomest  crystals  of  galena, 
both  in  form  of  small  and  large  cubes,  and  in  the  various  modifica- 
tions, and  are  sometimes  beautifully  arranged  in  groups,  or  with  dog- 
tooth spar,  blende,  or  calamine. 

At  Granby  and  Joplin  a  great  deal  of  mining  has  been  done,  and 
immense  quantities  of  mineral,  ores  of  both  lead  and  zinc,  taken  out, 
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but  the  mining  in  Southwest  Missouri  may  be  said  to  be  compara- 
tively in  its  infancy.  There  has  probably  been  more  mining  done 
in  Washington  County  than  in  any  other  county  in  the  State.  The 
county  has  been  mined  nearly  all  over,  and  evidences  show  that 
galena  may  be  expected  anywhere. 

Zinc  occurs  at  most  of  the  Missouri  lead  mines,  but  not  always  in 
sufficient  quantity  to  mine.  It  is  mined  in  Washington,  Jefferson, 
Dade,  Green,  Newton,  and  Jasper.  The  ores  worked  are  blende, 
smithsonite,  and  calamine,  ^lende  in  well-defined  crystals  occurs  at 
Mammoth  Mines,  JefTerson  County,  Versailles,  Morgan  County,  and 
near  Carthage,  at  Joplin,  and  at  Stephens  Mines,  Jasper  County. 
Crystallized  smithsonite  is  found  at  Minersville,  Jasper  County,  and  at 
Granby,  Newton  county.  Beautifully  crystallized  calamine  is  found 
at  Valli  Mines,  JefTerson  County,  at  Granby,  at  Joplin,  and  in  Dade 
County.  At  Granby  and  Joplin  calamine  is  found  associated  with 
greenockite,  and  at  Granby  with  buratite.  At  Palmer  Mines  and  at 
Joplin  calamine  is  oflen  found  coating  galena. 

I  have  thus  noticed  the  localities  of  such  minerals  as  were  on 
exhibition  at  the  International  Exhibition,  1876. 


///.   NEW  JERSEY, 
(Extracts  from  the  Catalogue  of  the  Centennial  exhibit  of  the  Geological  Survey  of  New  Jersey.) 

All  the  larger  geological  formations  of  the  United  States,  except 
the  coal  formation,  are  found  in  this  State.  They  occur  in  parallel 
belts  or  zones,  usually  some  miles  in  breadth,  which  traverse  the 
State  in  a  northeast  and  southwest  direction ;  and  they  are  so  regular 
in  this  respect  that  a  person  may  travel  on  a  northeast  and  southwest 
road  from  one  side  of  the  State  to  the  other  and  see  but  a  single 
geological  formation.  But,  on  the  contrary,  if  he  should  journey 
from  Barnegat,  on  the  Atlantic  coast,  northwest  to  Port  Jervis,  on  the 
Delaware,  he  would  cross  every  formation  in  the  State. 

The  collection  of  rocks  shown  has  representative  specimens  from 
the  Azoic,  Silurian,  Devonian,  Triassic,  Cretaceous,  Tertiary,  Drift, 
and  Recent  Formations. 

Azoic  Formations. — The  Azoic  formations  are  the  Archasan  of 
Dana,  and  the  Laurentian  of  Canada.  They  are  the  oldest  of  the 
geological  series,  and  are  made  up  of  granitic,  gneissic,  and  other 
crystalline  rocks,  and  contain  no  fossils.  They  are  the  material  com- 
posing the  mountain  ranges  which  extend  across  the  northwestern 
part  of  the  State,  and  are  known  by  the  names  of  Ramapo,  Warwick, 
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Hamburg,  Pochuck,  Schoole3r's,  Mine,  Musconetcong,  Scott's,  and 
other  mountains.  They  extend  to  and  beyond  the  North  River  in 
New  York,  where  they  are  known  as  the  Highlands,  and  in  Pennsyl- 
vania their  extension  is  known  as  the  South  Mountain.  They  cover 
an  area  of  about  772  square  miles  in  New  Jersey,  and  they  contain 
all  the  mines  of  magnetic  iron  ore. 

Silurian  Formations. — These  formations  are  the  lowest  and  oldest 
rocks  of  the  geological  series  which  contain  fossils.  The  rocks  are 
sandstones,  limestones,  and  slates.  These  formations  occupy  many  of 
the  valleys  between  the  mountains  of  Azoic  rock  and  the  whole  of  a 
belt  of  country  fifteen  or  twenty  miles  wide,  northwest  of  and  adjoin- 
ing these  mountains.  A  marked  feature  of  this  district  is  the  high, 
narrow,  and  long  ridge  which  is  near  its  northwestern  border,  and 
which  is  known  in  New  Jersey  as  the  Blue  Mountain,  in  New  York 
as  the  Shawangunk  Mountain,  and  in  Pennsylvania  as  the  Kittatinny 
Mountain.  The  divisions  of  the  Silurian  are  the  Potsdam  sandstone, 
including  the  Green  Pond  Mountain  conglomerate,  which  is  the  old- 
est; and  then,  in  order,  the  Magnesian  limestone,  the  Trenton  lime- 
stone, the  Hudson  River  slates,  the  Oneida  conglomerate,  the  Medina 
sandstone,  and  the  Lower  Helderberg,  and  associated  limestones. 
The  rich  farming  lands  of  Sussex  and  Warren  Counties  are  on  the 
Magnesian  limestone,  and  the  grazing  and  dairying  lands  are  on  the 
Hudson  River  slates.  The  area  covered  by  these  formations  is  about 
650  square  miles. 

Devonian  Formations. — These  formations  have  but  a  very  limited 
exposure  in  New  Jersey,  along  the  Delaware,  from  the  New  York 
State  line  to  the  Wallpack  Bend.  The  area  included  is  about  40 
square  miles.  There  are  some  valuable  limestones  and  some  good 
soils,  but  much  of  it  is  encumbered  with  drift. 

Cretaceous  Formations. — ^These  formations  are  characterized  by 
containing  extensive  and  valuable  beds  of  fine  clay  and  greensand. 
The  belt  of  the  country  in  which  they  occur  adjoins  the  Triassic  on 
its  northwest  border,  and  extends  from  the  Raritan  Bay  and  the  sea- 
side to  the  Delaware  River  near  Salem.  It  is  nearly  90  miles  long 
and  from  12  to  15  miles  wide,  and  has  an  area  of  1491  square 
miles.  The  white  clays  occupy  the  northwestern  side  of  the  belt, 
and  the  greensand  marls  the  southeastern  side.  The  clays  are  ex- 
tensively used  for  the  commoner  kinds  of  pottery,  and  fire-bricks 
made  from  them  are  among  the  most  infusible  known,  and  they  are 
more  used  for  refractory  materials  than  any  other  in  the  country. 
The  marls  have  been  largely  used  by  formers,  and  they  have  pro- 
duced most  remarkable  effects  on  the  soil,  restoring  fertility  to  worn- 
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out  and  abandoned  fields,  and  bringing  productiveness  and  thrift  to 
the  whole  district  where  they  can  be  used. 

Tertiary  Formations. — The  southern  portion  of  the  State  is 
mainly  occupied  by  these  formations.  They  consist  of  beds  of  sand 
and  clay,  and  the  surface  is  covered  with  a  thin  soil,  which  is  not 
naturally  very  productive.  Some  of  the  clays  contain  shells  enough 
to  be  designated  as  marls;  and  extensive  beds  of  the  purest  of  white 
sand,  for  glass-makers'  use,  are  common.  Some  good  farms  are  found 
on  this  formation,  and  along;  its  borders  are  found  some  of  the  best 
farms  in  the  State. 

The  drift  materials  are  scattered  very  unevenly  over  the  different 
formations  throughout  the  State. 

Recent  Formations. — Under  this  head  are  enumerated  fossil 
oyster- shells,  shells,  infusorial  earth,  shell-marl,  calcareous  sinter, 
beach -pebbles  and  beach-sand. 

IV.    SECOND    GEOLOGICAL   SURVEY  OF  PENNSYLVANIA,  MODELS 

AND  MAPS   ON  EXHIBITION 

By  John  H.  Harden. 

1.  An  unfinished  model  of  part  of  the  (northern  anthracite) 
Wyoming  and  Lackawanna  coal-fields  in  the  county  of  Luzerne, 
Pennsylvania.  Area,  80  square  miles.  Total  area  of  the  coal-fields 
198  square  miles  (Rogers).  Production  in  1875,  eleven  and  a  half 
million  tons.  Size  of  model,  180  X  42  inches.  Scale,  JLg,  vertical 
and  horizontal  alike.  Constructed  by  John  H.  Harden,  assisted  by 
the  students,  class  '76,  Towne  Scientific  School,  University  of  Penn- 
sylvania, Philadelphia. 

2.  Model  of  the  Schuylkill  Water  Gap,  in  the  Blue  Mountains, 
near  Port  Clinton,  in  the  counties  of  Schuylkill  and  Berks,  Pennsyl- 
vania. Size,  28  X  38  inches.  Scale,  nAnr-  Constructed  by  John  H. 
Harden,  assisted  by  the  students,  from  surveys  made  by  Henry  M. 
Chance. 

3.  Model  of  the  Lehigh  Water  Gap,  in  the  Blue  Mountains.  Sec- 
tion colored,  showing  the  formation  and  geological  structure.  Size. 
21  X  25  inches.     Scale,  x^^.     Constructed  by  Charles  E.  Hall. 

4.  Model  of  Black  Log  Gap  and  Environs  of  Orbisonia,  Hunting- 
don County,  Pennsylvania.  Colored,  showing  the  geology  from  the 
(Lower  Silurian)  calciferous  limestone  up  to  the  (Devonian)  Hamilton 
sandstone,  including  the  Clinton*  fossil  ore,  and  the  hematites  of  the 
Marcellus  and  Oriskany.  Size,  21  X  25  inches.  Scale,  ^jVt-  Con- 
structed by  Charles  A.  Ashburner. 
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5.  Model  same  as  last.  Colored,  to  show  the  surface  topography. 
Same  author. 

6.  Model  of  the  Delaware  Water  Gap,  in  the  Blue  Mountains. 
Colored,  showing  the  geological  formations,  with  their  difference  of 
dip  on  the  two  sides  of  the  river.  Size,  27  X  25  inches.  Scale,  tuVt- 
Constructed  by  Henry  M.  Chance. 

7.  Model  same  as  last.  Colored,  to  show  the  surface  topography. 
Same  author. 

8.  Model  of  Logan  Gap,  in  Jack's  Mountain.  Colored,  showing 
formations  and  structure.  Size,  18  X  18  inches.  Scale,  xj^ir-  Con- 
structed by  Charles  E.  Billin. 

9.  Model  of  the  Ironton  Railroad  Company's  brown  hematite  iron 
ore  mine.  Lehigh  County,  Pennsylvania.  Colored,  to  show  the  posi- 
tion of  the  ore  in  the  mine  (quarry).  Size,  52  X  18  inches.  Scale, 
TTir*     Constructed  by  Ellis  Clark,  Jr. 

10.  Model  of  Oak  Hill  Colliery  (anthracite).  Drifts  Nos.  i  and  2, 
near  Scranton,  Luzerne  County,  Pennsylvania.  Constructed  by  John 
H.  Harden.     Size,  10  X  13  inches.     Scale,  tVot^. 

Maps. — A  large  number  of  the  original  maps  of  the  survey,  too 
numerous  to  mention  in  detail.     (See  Reports.) 

Sections  of  the  coal-measures  and  other  drawings,  made  by  stu- 
dents, class  of  '^6, 

A  map  of  the  Wilkes-Barre  Coal  &  Iron  Company's  now  the 
Lehigh  &  Wilkes-Barre  Coal  Company)  lands  and  mines,  lying  on 
the  south  side  of  the  Susquehanna  River,  in  the  townships  of  Wilkes- 
Barre  and  Hanover,  extending  from  the  Diamond  to  the  Sugar  Notch 
Mines,  including  the  mines  of  the  Franklin  and  New  Jersey  Coal 
Companies.  Size  of  map,  180  X  42.  Scale,  ii-^.  Surveys  complete 
to  January,  1872. 


LITHOLOGICAL  AND   PAL.EONTOLOGICAL  COLLECTIONS. 

By  C.  E.  Hall. 

The  collections  consisted  of  a  complete  series  of  the  rocks  from 
the  crystalline  schists  to  the  coal-measures  inclusive,  together  with 
a  series  of  specimens  of  the  new  red  sandstone. 

HuRONiAN  (?)  Crystalline  Schists.— This  series  of  Pennsylvania 
was  represented  by  the  leading  varieties  of  feldspathic  schists  and 
gneisses,  mica  and  hornblende  schists,  serpentines,  talcose  schists, 
damourite  slates,  and  corundum. 

Potsdam  Sandstone  (I.).— Represented  by  several  specimens  of 
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dark  reddish  and  light  yellow  compact  sandstones,  with  tubes  of 
Scolithus  linearis, 

Cambrian  Limestones  (II.). — The  following  recognized  subdi- 
visions, together  with  their  characteristic  fossils : 

Calciferous  sand-rock,  overlying  the  Potsdam  sandstone;  sandy 
dolomites. 

Chazy  limestone;  dark  shaly  limestone,  with  a  genus  of  the  trilo- 
bite  asaphus. 

Black  River  limestone ;  dolomitic  limestones,  with  the  fossil  Goni- 
oceras  anceps,  with  some  less  characteristic  fossils. 

Trenton  limestone  (recognizable  throughout  Pennsylvania),  varie- 
ties of  compact  and  shaly  limestones,  together  with  a  large  number 
of  specimens  showing  the  occurrence  of  the  fossils  throughout  the 
series. 

Utica  Slate  and  Hudson  River  Shales  (III.). — Ferruginous 
slates  and  shales,  with  the  few  varieties  of  fossils  found  in  them. 

Oneida  Conglomerate  and  Medina  Sandstone  (IV.). — The  prin- 
cipal varieties  of  conglomerate  and  conglomeratic  sandstones  and 
sandstones.  Several  large  slabs  showing  ripple-marks,  and  speci- 
mens of  the  fucoid  Arthrophycus  Harlani.  , 

Clinton  Group,  or  Fossil  ore  Range  (V.). — Specimens  fully  rep- 
resenting the  group  from  its  base  to  the  top,  including  sandstones, 
shales,  limestones,  and  ores,  with  their  included  fossils. 

Water-lime  and  Lower  Helderberg  Groups  (VI.). — Hydraulic 
limestones,  lime-shales,  and  limestones  of  the  leading  varieties,  in- 
cluding characteristic  fossils. 

Oriskany  Sandstone  (VIL). — Sandstones,  shales,  cherts,  etc.,  in- 
cluding a  number  of  characteristic  fossils. 

Hamilton  and  Chemung  Groups  (VIII.). — Slates,  shales,  sand- 
stones, limestones,  and  ferruginous  sandstones,  principally  from  the 
northern  portion  of  the  State.  The  fossils  of  these  two  groups  fully 
represented. 

From  the  Oil  Regions. — Sandstones,  shales,  and  conglomerates 
from  various  horizons,  together  with  many  fine  specimens  of  plants. 

Coal-Measures. — A  series  of  specimens  of  anthracite,  bituminous, 
and  cannel  coals,  together  with  shales  and  sandstones,  showing  many 
of  the  principal  coal  plants. 

Iron  Ores. — The  principal  collection  of  the  ores  was  from  the 
Clinton  group,  this  being  an  important  belt  throughout  the  State. 
Some  of  the  limonites  from  different  parts  of  the  State  and  from 
various  horizons  were  also  represented. 

A  complete  series  of  the  measures  from  the  Cambrian  limestones 


GENERAL  REPORT  OF  THE  JUDGES  OF  GROUP  L         395 

to  the  coal-measures,  illustrating  a  model  of  the  vicinity  of  Orbisonia, 
in  Huntingdon  County. 


CHEMICAL  COMPOSITION  OF  PENNSYLVANIA  PETROLEUM. 

Among  the  material  on  exhibition  by  the  "Second  Geological 
Survey  of  Pennsylvania"  was  placed  a  set  of  chemical  preparations 
illustrative  of  the  composition  of  Pennsylvania  petroleum.  This  set 
had  been  prepared  by  Professor  C.  Schorlemmer,  F.R.S.,  of  Owen's 
College,  Manchester,  England,  and  was  placed  on  exhibition  by 
Professor  Samuel  P.  Sadtler,  of  the  University  of  Pennsylvania. 
The  preparations  were  of  very  great  scientific  interest,  both  in  them- 
selves and  because  they  had  all  been  prepared  from  Pennsylvania 
petroleum.  All  were  chemically  pure,  and  many  were  unique  speci- 
mens, having  been  as  yet  prepared  only  from  this  material.  The 
importance  of  this  exhibit  in  a  scientific  direction  was  recognized  by 
the  Judges  of  the  group  on  Chemicals,  in  the  award  of  a  medal  to 
Professor  Schorlemmer,  the  manufacturer  of  the  preparations. 

The  following  is  a  list  of  the  exhibit : 

Chemical  composition  of  Petroleum,  illustrated  by  a  set  of  Us  ingredients  and  derivatives, 
prepared  by  Professor  C.  Schorlemmer ,  F.R.S.,  Owen^s  College,  Manchester,  England. 

I.    Paraffins  Series  of  Hydrocarbons. 

1.  Normal  pentane boiling-point    37**-  39®  C. 

2.  Normal  hexane "  "       68®-  btf  C. 

3.  Normal  heptane 

4.  Normal  octane 

5.  Iso-pentane 

6.  Iso-hexane " 

7.  Iso-heptane " 


« 


« 


M 


« 


<C 


•( 


C< 


« 


98®-  99«  C. 
I23°-I250  C. 
29»-  300  C. 
600-  62«>  C. 
890-  9I®  C. 


II.    Derivatives  of  the  Olefine  Series  of  Hydrocarbons. 

1.  Bromides  from  petroleum boiling  at    90°-! 20^  C. 

2.  Bromides    "  "  "         I20®-I25<*  C. 

3.  Bromides    "  "  "        i40°-iso<»  C. 


« 


« 


« 


« 


<f 


<( 


« 


f< 


III.    Derivatives  of  the  Benzine  Ser 

1.  Dinitrobenzine  from  petroleum 

2.  Dinitrobenzine 

3.  Dinitrobenzine 

4.  Dinitrotoluene 

5.  Dinitrotoluene 

6.  Nitro'Compounds  from  petroleum 

7.  Nitro-compounds 

8.  Nitro-compounds 

9.  Nitrotoluene 

10.  Liquid  nitro-compounds  from  pel 

11.  Liquid  nitro-compounds 


(( 


<f 


« 


« 


« 


(( 


Toleum 


(( 


« 


Bs  OF  Hydrocarbons. 

boiling  at    50*-  60®  C. 

600-  700  C. 

70®-  80®  C. 

ioo*»-i  \qP  C. 

I10°-120°  C. 

120^-130®  C. 
I30®-I40<»  C. 
140^-1 50®  C. 


« 
« 

« 
« 
« 
« 
« 
« 


I10<>-120°  C. 

i3o°-i4oo  C. 
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V.  MEXICO. 
By  G.  C.  Broadhead. 

Quoting  from  Mariano  Barcena,  in  the  Catalogue  of  Mexican 
exhibits, — 

"  There  are  three  classes  of  rocks  found  in  the  mineral  veins  of 
Mexico, — 

"  I.  Compact  mesozoic  limestone. 

"  2.  Slate  and  sandstone. 

"  3.  Metalliferous  porphyry,  probably  of  tertiary  age. 

"  Types  of  these  formations  are  to  be  found  in  the  States  of  Quere- 
taro,  Guanaxuato,  and  Hidalgo.  Many  mountains  composed  of  these 
rocks  can  be  seen  in  almost  all  the  States.  Argentiferous  galena  and 
tetrahedrite  are  found  in  the  first ;  polybasite  and  pyrargyrite  in  the 
second ;  and  sulphuret  of  silver,  argentiferous  galena,  and  blende  in 
the  third." 

A  very  useful  geological  study  was  the  collection  of  Mariano  Bar- 
cena,  accompanied  with  maps  and  plates  illustrating  the  volcanic 
phenomena  of  Ceboruco,  in  Jalisco. 

Among  the  Mexican  minerals  were  observed  arsenic  from  Hidalgo 
and  Michoacan,  where  it  occurs  in  combination  with  sulphur  and  with 
iron. 

Bismuth  is  found  in  the  States  of  Guanaxuato  and  San  Luis 
Potosi,  in  the  form  of  sulphurets,  selenides,  tellurides,  and  carbonates. 

Native  copper  is  said  to  abound  in  Chihuahua.  Other  copper  ores, 
including  cuprite,  chalcopyrite,  azurite,  chalcocite.  and  malachite  are 
found  in  Vera  Cruz,  Michoacan,  Zacatecas,  San  Luis  Potosi,  and 
Aguascalientes. 

Gold  is  chiefly  obtained  from  Oaxaca,  Mexico,  Guerrero,  Chihuahua, 
Michoacan,  and  Lower  California. 

Iron  exists  in  all  the  mineral  districts  of  Mexico.  The  mountain 
of  Mercado,  near  the  city  of  Durango,  is  almost  wholly  formed  of 
iron,  and  includes  finely-crystallized  martite. 

The  mountain  of  Cangando  contains  large  masses  of  magnetic 
iron,  and  the  mountain  itself  is  of  metamorphic  cretaceous  limestone. 

Galenite,  cerussite,  minium,  and  pyromorphite  were  exhibited. 

Cinnabar  is  an  abundant  ore  of  Mexico,  of  which  San  Luis  Potosi, 
Queretaro,  and  Guerrero  furnished  samples.  The  various  mercury 
ores  include  gaudalcazarite  and  livingstonite,  the  latter  a  sulphuret  of 
antimony  and  silver,  somewhat  resembling  stibnite,  from  Huitzuco,  in 
State  of  Guerrero. 
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Silver  is  found  almost  all  over  Mexico,  as  well  in  its  native  state 
as  also  sulphide,  chloride,  bromide,  iodide,  arsenide,  antimonide,  and 
mixed  with  galena,  blende,  and  pyrite. 

Sulphur  is  abundant.  Large  and  fine-looking  masses  from  Popo- 
catapetl  were  on  exhibition. 

Deposits  of  bituminous  and  anthracite  coal,  bitumen,  and  graphite 
are  said  to  abound.  Coal  is  found  in  the  States  of  Tampico,  Vera 
Cruz,  Hidalgo,  and  La  Huasteca;  lignite  in  Guerrero,  Chihuahua, 
Puebla,  and  Hidalgo.  Crystalline  graphite  occurs  quite  pure  in  the 
district  of  Molango,  State  of  Hidalgo ;  compact  graphite  at  Animas, 
in  the  State  of  Sonora. 

Fine  and  precious  opals  are  often  met  with  in  Mexico,  the  former 
in  the  districts  of  Zimapan,  Esperanza,  etc. ;  the  latter  in  Esperanza, 
Amealco,  and  Real  del  Monte. 

VL   BRAZIL, 
By  G.  C.  Broadhead. 

The  geological  survey  now  in  progress  proves  the  existence  of  the 
chief  formations  of  North  America  and  Europe,  but  as  yet  we  possess 
no  particular  information  from  that  source,  but  our  authority  for 
mineral  localities  must  be  derived  chiefly  from  a  pamphlet  published 
under  authority  of  the  Brazilian  Government  for  use  at  the  Inter- 
national Exhibition  at  Philadelphia.  We  thus  learn  that  the  entire 
southern  coast  of  the  empire  between  12®  and  30®  south  latitude  is 
formed  almost  exclusively  of  igneous  rocks,  including  granite,  gneiss^ 
diorite,  quartzite,  porphyry,  with  beautiful  varieties  of  syenite. 

In  the  interior  are  fine  limestones  and  large  deposits  of  plastic  clay. 
Near  Rio  Janeiro  are  whitish  gneisses,  dark  porphyritic  granites,  and 
dykes  of  variegated  porphyry. 

The  Rio  Grande  marbles  used  in  works  of  art  are  from  the  provinces 
of  Sao  Pedro  do  Rio  Grande  do  Sul,  Minas  Geraes,  Sao  Paulo,  and 
Bahia;  also  certain  marbles,  the  most  remarkable  from  the  munici- 
pality of  Sao  Roque,  near  the  capital  of  Sao  Paulo.  Lime  is  chiefly 
made  from  oyster-shells  and  corals.  Potter's  clay  exists  throughout 
the  whole  of  the  empire,  resulting  from  the  decomposition  of  certain 
rocks ;  some  is  also  obtained  from  alluvial  deposits ;  and  deposits  of 
white  clay  are  also  found. 

Kaolin  is  found  in  Rio  Janeiro  and  most  of  the  provinces,  particu- 
larly in  Parana.  Refractory  clay  is  obtained  in  Ceara,  of  which  are 
made  excellent  crucibles. 

Near  Pernambuco  and  Bahia  are  rich  deposits  of  cretaceous  fossils, 
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including  fishes.  The  carboniferous  formation  occupies  a  large  area 
of  the  empire,  and  true  coal  is  found  in  some  of  the  provinces ;  the 
most  important  mines  being  in  the  south  part  of  Sao  Pedro  do  Rio 
Grande  do  Sul,  and  Santa  Catherina. 

Abundant  lignite  deposits  occur  in  all  the  provinces,  the  best  in 
Santa  Catherina,  Sao  Pedro  do  Rio  Grande  do  Sul,  and  Minas  Geraes. 

Bituminous  schists  have  been  discovered  in  most  of  the  provinces, 
and  in  Bahia  oil  is  manufactured  from  them. 

Peat  from  Macah^  and  Campos  has  been  used  in  sugar-furnaces 
with  good  results. 

Graphite  is  only  abundant  in  Ceara.  Sulphur  is  abundant  in  Minas 
Geraes. 

Saltpetre  is  abundant  in  the  calcareous  caves  of  Minas  Geraes, 
Piauhy,  Ceara,  Matto  Grosso,  and  Bahia. 

Alum  is  found  in  large  quantities  in  Parana,  Minas  Geraes,  Piauhy, 
and  Ceara,  where  there  are  lignites  and  bituminous  schists. 

Rock-salt  is  obtained  in  Matto  Grosso  and  Goyaz,  Parana,  Bahia, 
and  Piauhy. 

Various  thermal,  saline,  alkaline,  chalybeate,  gaseous,  and  other 
springs  are  found  in  various  portions  of  the  empire. 

Diamonds  are  found  in  Minas  Geraes,  along  the  Espinha^o  range, 
in  provinces  of  Goyaz,  Matto  Grosso,  Parana,  Sao  Pedro  do  Rio  Grande 
do  Sul,  and  Sao  Paulo.  The  mines  are  the  property  of  private  indi- 
viduals. 

Emeralds,  euclases,  sapphires,  rubies,  topazes,  beryls,  black,  blue, 
and  green  tourmalines,  called  Brazilian  emeralds,  are  found,  especi- 
ally in  Minas  Geraes,  where  the  common  zircon  is  also  found.  Im- 
perfect garnets  are  met  with  everywhere.  Rock-crystals  in  great 
purity  and  large  size  are  exported,  principally  from  Minas  Geraes, 
Goyez,  Sao  Paulo,  and  Parana,  whence  also  come  fine  and  large 
amethysts.  Opals,  chalcedonies,  agates,  and  jaspers  are  met  with 
throughout  the  interior,  but  the  chief  export  is  from  Sao  Pedro  do 
Rio  Grande  do  Sul.  Pure  crystal  and  valuable  veins  of  yellow  quartz 
exist  in  Goyaz. 

Gold  is  a  natural  product  of  every  province,  but  the  chief  auriferous 
regions  are  in  Minas  Geraes,  where  it  occurs  in  itacolumite.  The 
municipal  districts  of  Ca^apava,  Rio  Pardo,  Santa  Marie,  and  Cruz 
Alta,  in  the  province  of  Sao  Pedro  do  Rio  Grande  do  Sul,  are  un- 
doubtedly auriferous.  It  is  chiefly  found  in  compact  quartz  or 
quartzite  veins  in  primitive  or  micaceous  ironstone ;  also  in  alluvial 
soils ;  and,  mixed  with  gold,  in  these  sands,  are  also  found  platinum, 
iridium,  and  palladium,  tellurium,  bismuth,  and  arsenical  pyrites. 
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Silver  is  found  with  many  galenas,  existing  in  all  the  provinces, 
but  its  proportion  is  always  less  than  I  per  cent,  of  the  lead.  It 
forms  2j^  per  cent,  of  the  copper  ores  of  the  district  of  Ca9apava,  in 
the  province  of  Sao  Pedro  do  Rio  Grande  do  Sul. 

Mercury  is  found  in  rich  quantity  in  the  province  of  Parana,  and 
is  also  found  in  Santa  Catherina,  and  in  the  metallic  state  in  Sao 
Paulo. 

Copper  is  found  in  Matto  Grosso,  Goyaz,  Minas  Geraes,  Bahia, 
Maranhao,  Ceara,  and  Rio  Grande  do  Sul. 

Manganese  is  from  Minas  Geraes  and  Bahia.  A  very  little  tin  has 
been  found  in  the  sands  of  Paropeba,  Minas  Geraes,  and  in  some 
granites  of  Rio  Janeiro. 

Zinc  is  found  in  the  Ibiapaba  range,  province  of  Ceara. 

Galena  in  large  quantities  is  found,  especially  in  Sao  Paulo,  Sao 
Pedro  do  Rio  Grande  do  Sul,  Minas  Geraes,  Rio  Janeiro,  Parahiba 
do  Norte,  Bahia,  Santa  Catherina,  Ceara,  Maranhao,  and  Piauhy. 
Chromate  of  lead  is  abundant  at  Congonhas  do  Campo,  in  Minas 
Geraes.  The  most  important  lead  mine  is  that  of  the  river  Abaete, 
from  which  silver  is  also  extracted. 

Antimony  is  found  in  Minas  Geraes,  Espirito  Santo,  Sao  Paulo, 
and  Parana.     Bismuth  and  arsenic  are  found  in  Minas  Geraes. 

Immense  deposits  of  iron  occur  in  the  provinces  of  Minas  Geraes, 
especially  in  the  Itabira  range.  In  the  northern  provinces  in  the 
interior  of  Minas  Geraes,  Sao  Pedro  do  Rio  Grande  do  Sul,  and  Pa- 
rana the  quantity  of  iron  is  said  to  be  enormous.  There  are  also 
large  quantities  of  oligistic,  magnetic,  and  micaceous  iron.  The 
richest  mines,  which  do  not  constitute  an  independent  formation,  are 
lodes  such  as  those  of  Sao  Joao  d'Ipanema,  and  some  in  the  provinces 
of  Alagoas,  Ceara,  Rio  Grande  do  Norte,  and  Parahyba. 

The  magnetic  ores  of  Brazil  contain  72^  per  cent,  of  iron,  the 
other  good  ores  70  per  cent,  and  inferior  qualities  25  to  20  per  cent. 
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ABSTRACT  OF  THE  REPORTS  ON  GROUP  I. 

Prop.  Francis  A.  Walker,  Chief  of  tJie  Bureau  of  Awards, 

Sir, — We  have  herewith  the  honor  of  presenting  our  awards  on  the 
various  exhibits  submitted  to  our  examination,  and  in  doing  so,  we 
respectfully  ask  to  be  permitted  to  offer  a  few  remarks  on  the  manner 
in  which  the  duty  imposed  upon  us  has  been  discharged. 

The  articles  on  the  merits  of  which  we  had  to  pronounce  a  verdict 
were  not  only  of  vast  extent,  but  they  comprised  subject-matter  of  a 
very  diversified  nature. 

There  remained,  therefore,  no  alternative  but  to  apportion  the  labor 
of  actual  examination  to  those  individual  members  of  our  group  who, 
from  previous  experience  and  actual  knowledge,  were  best  qualified 
to  form  a  correct  opinion  on  the  respective  merits  of  the  objects  placed 
in  the  buildings  prepared  for  their  reception. 

Although  the  reports  from  the  various  sub-sections  were  brought 
up  for  confirmation  at  a  general  meeting  of  the  Judges,  and  in  most 
cases  the  exhibits  themselves  were  visited  by  other  members  of  our 
body,  it  must  be  understood  that  the  responsibility  of  the  various 
awards  necessarily  rests  with  those  gentlemen  at  whose  recommen- 
dation in  the  first  instance  they  were  made. 

Some  misapprehension  seems  to  have  prevailed  in  the  minds  of 
many  exhibitors  as  to  the  line  of  conduct  to  be  pursued  in  asking  for 
the  opinion  of  Judges  on  the  articles  displayed. 

For  instance,  speaking  in  a  general  way,  it  is  impossible  to  form 
a  proper  estimate  of  the  value  of  a  block  of  coal  or  of  a  bar  of  iron 
by  a  mere  inspection  of  external  appearances.  It  might  be  well  for 
future  exhibitors  upon  such  occasions  to  take  a  lesson  from  the 
admirable  way  in  which  Sweden  assisted  us  in  the  performance  of 
our  duty.  Maps  and  geological  charts  indicated  the  locality  of  the 
works  and  the  position  of  the  mines.  Analyses  of  the  raw  materials 
as  well  as  of  the  finished  products,  along  with  the  usual  tests  of 
strength  and  ductility,  enabled  us  at  one  visit  to  pronounce  decisively 
on  their  merits.  Many  other  manufacturers,  both  American  and  for- 
eign, at  great  expense  to  themselves  and  by  the  exercise  of  great 
ingenuity,  presented  their  exhibits  in  a  most  creditable  and  striking 
manner. 

On  the  other  hand,  several  exhibitors  left  us  without  means  of 
arriving  at  any  positive  conclusion  as  to  the  character  of  the  article 
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submitted  for  our  examination,  and,  as  a  matter  of  course,  we  have 
been  unable  to  recommend  its  being  distinguished  by  any  mark  of 
approbation. 

In  certain  cases,  where  the  product  is  a  mere  raw  material  of  exten- 
sive occurrence,  we  would  refer  you  to  the  system  adopted  under  your 
own  sanction  of  making  a  special  report  in  their  favor. 

The  same  plan  has  been  pursued  when  the  exhibits  were  clearly  of 
a  representative  character,  such  as  the  minerals  and  iron  from  the 
Lehigh  Valley,  the  Hanging  Rock  region,  etc. 

We  avail  ourselves  also  of  this  opportunity  of  recommending  to 
your  favorable  notice  the  way  in  which  the  British  colonies  have 
offered  for  general  inspection  the  natural  resources  they  possess,  as 
well  as  for  the  proofs  which  are  given  of  the  immense  progress  made 
recently  in  their  development. 

In  close  relation  with  the  duties  undertaken  by  the  sub-section  of 
our  group  having  charge  of  the  exhibition  of  iron  and  steel  is  a 
question  connected  with  the  nomenclature  of  these  two  forms  of  the 
same  substance,  which,  in  our  opinion,  may  demand  public  considera- 
tion. 

The  present  appears  to  us  a  favorable  opportunity  of  directing  in- 
ternational attention  to  the  subject,  particularly  as  those  engaged  in 
the  manufacture  of  these  substances  feel  that  some  change  of  name 
is  required. 

A  Committee,  consisting  of  Messrs.  Bell,  Tunner,  Gruner,  Aker- 
man,  Wedding,  Egleston,  and  Holley,  were  appointed  by  the  Amer- 
ican Institute  of  Mining  Engineers  at  its  June  meeting,  1876,  to 
consider  whether  any,  and  if  any,  what  alteration  of  name  should  be 
introduced  into  commerce  so  as  to  distinguish  between  articles  in- 
correctly described  by  their  present  designations.  This  Committee 
agreed  upon  the  following  report : 

First  That  the  term  "  steel,"  by  which  these  soft  products  are  com- 
mercially and  professionally  known  in  England  and  in  the  United 
States,  does  not  completely  distinguish  them  from  that  substance 
formerly  known  as  steel  and  which  would  **  harden"  and  "  temper." 

Second,  A  nomenclature  recognized  in  all  languages  seems  desira- 
ble as  well  for  commercial  as  for  scientific  purposes,  especially  as 
lawsuits  already  commenced  depend  on  the  meaning  of  the  term 
"  steel." 

Third,  Although  homogeneity  due  to  fusion  is  usually  recognized, 
and  is  by  this  Committee  recognized  as  the  most  definitive  character- 
istic of  both  hard  and  soft  steel,  this  quality  may  be  equally  well 

expressed  in  other  terms,  thus  leaving  the  old  term  "  steel"  to  define 

26 
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the  malleable  compounds  of  iron  which  are  susceptible  of  **  harden- 
ing" and  "  tempering." 

The  Committee  therefore  resolved  to  recommend  the  following 
nomenclature : 

First.  That  all  malleable  compounds  of  iron  with  its  ordinary  in- 
gredients which  are  aggregated  from  pasty  masses  or  from  piled  bars, 
or  from  any  forms  of  iron  not  in  a  fluid  state,  and  which  will  not  sen- 
sibly harden  or  temper,  and  which  generally  resemble  what  is  now 
called  "  wrought  or  malleable  iron,"  shall  be  called  weld  iron. 

Second,  That  such  compounds  when  they  will  from  any  cause 
''harden  and  temper/'  and  which  resemble  what  is  now  called 
''puddled  steel,"  shall  be  called  weld  steel. 

Third,  That  all  compounds  of  iron  with  its  ordinary  ingredients 
which  have  been  cast  from  the  fluid  state  into  malleable  masses,  and 
which  will  not  sensibly  harden  and  temper  by  being  quenched  in 
water  while  at  a  red  heat,  shall  be  called  ingot  iron. 

Fourth,  That  all  such  compounds  when  they  will  from  any  cause 
so  "  harden  and  temper,"  shall  be  called  ingot  steel. 

While  admitting  that  the  style  of  nomenclature  recommended  will, 
in  the  case  of  substances  sliding  imperceptibly  into  each,  fail  to  draw 
a  well-defined  line  between  what  is  iron  and  what  is  steel,  we  believe 
that  the  inconveniences  of  the  present  system  will  be  to  a  great 
extent  avoided  by  the  new  nomenclature,  and  we  recommend  its 
adoption. 

We  would  also  respectfully  call  the  attention  of  the  Commissioners 
to  the  following  resolution  passed  by  our  group : 

Resolved,  That  the  Judges  of  Group  I.  having  during  these  exami- 
nations been  repeatedly  reminded  of  the  embarrassments,  both  in  trade 
and  science,  arising  from  a  diversity  of  weights  and  measures  through- 
out the  world,  take  this  occasion  to  strongly  recommend  through  the 
Centennial  Commission  the  establishment  of  a  uniform  international 
system  of  weights  and  measures. 

I.  LOWTHIAN  BELL,  President, 

Fred'k  Prime,  Jr.,  Secretary. 


A 


GENERAL  REPORT  OF  THE   JUDGES  OF  GROUP  I.         403 


NOTE  BY  THE  EDITOR. 

In  view  of  the  general  and  exhaustive  discussion  of  the  question 
of  silver  production  during  the  past  five  years,  both  here  and  in 
Europe,  and  the  vast  amount  of  information  embodied  in  official 
documents  and  private  treatises  on  this  subject,  the  Editor  has  not 
deemed  it  essential  that  the  present  series  of  reports  should  embrace 
a  paper  on  this  topic. 

Whatever  might  be  here  presented  must,  from  the  contracted 
space  allotted  to  it,  be  less  complete  than  what  is  easily  to  be  found 
elsewhere,  and  would,  moreover,  from  the  necessity  of  the  case,  be 
merely  made  up  of  second-hand  material. 

The  subject  of  gold  production  was  assigned  by  the  Judges  of 
Group  I.  to  Hon.  S.  B.  Axtell,  of  New  Mexico.  The  following  letter 
contains  Governor  Axtell's  reasons  for  not  presenting  a  report  on 
that  subject : 

"Santa  Fft,  New  Mexico,  February  14,  1877. 

"General  F.  A.  Walker, 

**  New  Haven,  Conn. 
"  Sir, — I  was  assigned  by  the  Chairman  of  Group  I.  to  report  upon 
the  metallurgy  and  extraction  of  gold,  as  exhibited  in  the  Interna- 
tional Exhibition  of  1876  at  Philadelphia.  On  referring  to  the  Report 
of  the  American  Commissioners  to  the  Paris  Exposition  of  1867  on 
this  subject,  I  find  it  so  completely  full  and  exhaustive  upon  this  topic, 
that  to  write  anything  more  would  be  impossible  without  repeating 
that  Report.  Since  that  Report  was  published  there  have  been  no 
important  discoveries  of  gold-fields  nor  important  inventions  for  ex- 
tracting the  metal.  I  beg,  therefore,  to  refer  to  that  Report  as  con- 
taining all  the  facts  known  upon  this  subject. 

"  Very  respectfully, 

"  S.  B.  AXTELL." 
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GROUP  I. 

Smithsonian  Institution,  Washington,  D.  C,  U.  S.,  Hon.  Thos.  Donaldson, 

Collector. 

I  COLLECTION  OF  ORES. 

Report, — ^The  most  complete  exhibit  of  the  lead,  cinnabar,  silver,  and  gold  ores  of  the 
far  Western  States  and  Territories  of  the  United  States. 


Wyoming  Historical  and  Geological  Society,  Wilkesbarre,  Pa.,  U.  8. 

2    FOSSILS  FROM  THE  ANTHRACITE  COAL  MEASURES  OF  WYOBflNG  VALLEY,  PA. 

Report, — A  fine  and  correctly-named  collection  of  fossil  plants  from  the  Pennsylvania 
anthracite  region. 

State  of  Arkansas,  U.  S. 

3  MINERALOGICAL  COLLECHON. 

Report, — ^An  interesting  collection  of  the  ores  and  economic  minerals  of  Arkansas,  in- 
cluding its  semi-anthracite  coals,  iron  and  lead  ores,  and  its  remarkable  novaculites  and 
crystallized  quartz. 

State  of  Wisconsin,  U.  S. 

4  COLLECTION  OF  MINERALS,  ROCKS,  ETC. 

Report, — ^A  good  display  of  crystalline  rocks,  and  a  fme  collection  of  the  organic  remains 
found  in  the  lowest  palaeozoic  strata  of  Wisconsin. 


State  of  West  Virginia,  U.  S. 

5  GEOLOGICAL  COLLECTION. 

Report, — ^An  instructive  and  well-arranged  collection  of  the  mineral  resources  of  West 
Virginia,  showing  its  iron  ores,  coal,  petroleum,  salt,  and  building  stones. 


State  of  Michigan,  U.  S. 

6  COLLECTION  OF  ORES,  ETC. 

Report, — Commended  for  fine  blocks  of  native  copper,  and  for  a  series  of  specimens 
illostrating  the  mineralogy  and  the  metallurgy  of  the  copper  deposits  of  Michigan. 


State  of  Delaware,  U.  S. 

7  MINERALOGICAL  COLLECTION. 

Report, — ^A  collection  illustrating  the  economic  mineralogy  of  the  State,  and  showing 
its  ores  of  iron  and  chrome,  together  with  feldspar,  mica,  serpentine,  and  granite. 
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State  of  Kansas,  U.  S. 

8  GEOLOGICAL  COLLECTION. 

Report, — A  large  collection  of  organic  remains,  illustrating  the  geology  of  Kansas. 


Smithsonian  Institution,  Washington,  D.  C,  U.  S. 

9  ORES  AND  MINERALS. 

Report, — Commended  for  a  very  full  and  instructive  collection  of  the  ores  and  minerals 
of  the  United  States,  and  for  the  admirable  order  and  arrangement  of  the  exhibit. 


South  and  North  RaiUoad  of  Alabama,  U.  S. 

lO  IRON  ORES,  GEOLOGICAL  SECTIONS,  ETC. 

Report, — ^The  display  from  this  region  is  the  work  of  Professor  William  Gesner,  of  Bir- 
mingham, Alabama.    It  represents : 

1st.  A  geological  cabinet  section  in  miniature  of  the  Warrior  coal  measures,  repre- 
senting forty-six  seams  of  coal  of  all  dimensions  from  one  inch  up  to  six  and  a  half 
feet  thick,  aggregating  ninety-six  feet,  of  which  fourteen,  being  two  feet  and  over,  are  con- 
sidered workable.  Also,  beds  of  black-band  iron  ore,  fire  clay,  sandstone,  and  carbonate 
iron  ore,  or  clay  ironstone. 

2d.  'A  geological  section  in  miniature  of  the  Cahaba  coal  measures,  representing  fifty- 
one  seams  of  coal  from  one  inch  up  to  six  feet  in  thickness,  aggregating  eighty-one  feet, 
sixteen  of  which,  being  two  feet  and  over,  are  considered  workable.  Also,  beds  of  clay, 
ironstone,  fire  day,  building  sandstone,  and  Bagging. 

3d.  Specimens  of  red  hematite  iron  ore,existing  in  large  deposits  upon  the  line  of  road, 
in  some  places  indicating  a  thickness  of  twenty-eight  feet,  and  of  pig  iron  made  therefrom 
at  the  works  of  the  Eureka  Iron  Co.  These  works  comprise  two  blast  furnaces,  with  a 
capacity  each  of  ten  thousand  tons  per  annum.  The  coals,  ores,  and  limestone  used  are 
owned  by  the  company,  and  are  in  close  proximity  to  the  furnaces. 


St.  Louis,  Iron  Mountain,  and  Southern  Railroad,  St.  Louis,  Mo.,  U.  S. 

If  COLLECTION  OF  ORES. 

Report, — A  well-arranged  collection  of  iron,  lead,  zinc,  and  copper  ores  from  the  vicinity 
of  the  railroad. 

Centennial  Commissioners  of  the  Chattanooga  Mineral  District,  Chattanooga, 

Tenn.,  U.  S. 

12  MAP  OP  MINERAL  REGION  AROUND  CHATTANOOGA. 

Report, — A  laige  and  valuable  map  showing  the  mineral  resources  of  the  vicinity  of 
Chattanooga. 

Colorado  School  of  Mines,  Colorado,  U.  S. 

13  GEOLOGICAL  COLLECTION. 

Report, — A  good  collection  of  the  ores  and  organic  remains  of  the  State. 


State  of  Iowa,  U.  S. 

14  GEOLOGICAL  COLLECTION. 

Report, — ^A  collection  illustrating  the  geology  and  mineralogy  of  the  State. 


State  of  Maryland,  U.  S. 

15  MINERALOGICAL  AND  GEOLOGICAL  COLLECTION. 

Report. — A  large  and  well-arranged  collection,  illustrating  the  geology  and  mineralogy 
of  Maryland. 
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Virginim  Mining  Bureau,  Virginia,  U.  S. 

16  COLLECTION  OP  OEES. 

Report, — A  good  collection  of  the  metallic  ores  of  Virginia. 


Providence  Franklin  Society,  Providence,  R.  I.,  U.  S. 

17         MINERALS  AND  GEOLOGICAL  SPECIMENS  FROM  RHODE  ISLAND. 

Report. — An  interesting  collection  of  the  ores  and  minerals  of  the  State  of  Rhode  Island, 
including  fossil  plants  from  the  anthracite. 


Geological  Survey  of  New  Jersey,  Prof.  George  H.  Cook,  Sute  Geologist. 

18  GEOLOGICAL  COLLECTION. 

Report, — Large,  well-selected,  and  well-arranged  collections,  showing  (i)  all  the  rocks 
of  the  yarious  formations  known  in  New  Jersey,  including  the  potters'  clay  and  the  greea 
sand;  (2)  the  ores  of  iron  and  zinc,  and  the  products  of  their  metsdlurgical  treatment;  (3) 
the  building  stones;  (4)  a  fine  collection  of  the  rare  crystalline  minerals  of  the  State;  (5) 
plans  and  sections  of  mines  of  the  magnetic  iron  ores ;  a  model  of  the  Franklin  Furnace 
zinc  mine,  and  the  geological  maps  published  by  the  State  survey ;  the  whole  giving  a 
veiy  complete  and  most  instructive  view  of  the  scientific  and  economic  geology  of  New 
Jersey. 

State  of  Nevada,  U.  8.,  H.  R.  Whitehill  and  W.  Prank  Stewart,  Collectors. 

19  COLLECTION  OF  ORES,  AND  STAMP  MILL. 

Report, — Commended  for  a  very  complete  exhibit  of  the  mineral  resources  of  the  State 
of  Nevada ;  also  for  an  interesting  exhibit  of  a  stamp  mill  and  amalgamating  apparatus ; 
also  for  a  full  set  of  mining  tools  from  the  Belcher  Mining  Company ;  also  for  improved 
mining  cage  from  Captain  Taylor. 

Geological  Survey  of  Kentucky,  U.  S.,  N.  S.  Shaler,  Director. 

20  GEOLOGICAL  COLLECTION. 

Report, — For  a  large  and  complete  collection  illustrating  the  economic  geology  of  Ken- 
tucky, its  rocks,  ores,  and  coals,  with  carefully  arranged  and  very  instructive  specimens, 
showing  the  soils  with  their  underlying  rocks,  the  whole  supplemented  by  a  great  number 
of  detailed  chemical  analyses,  besides  many  carefully  executed  geological  sections,  and  a 
preliminary  geological  map  of  the  State. 


Geological  Survey  of  Pennsylvania,  U.  S.,  J.  P.  Lesley,  Sute  Director. 

21  GEOLOGICAL  COLLECTION. 

Report, — ^An  instructive  collection  of  the  rocks,  minerals,  and  organic  remains  of  the 
State,  and  admirable  local  maps,  sections,  and  models  in  relief,  the  work  of  the  second 
geological  survey. 

State  of  Missouri,  U.  S. 

22  COLLECTION  OF  ORES,  ETC. 

Report, — Commended  for  a  collection  showing  the  geological  horizon  of  the  various  me- 
tallic ores  of  the  State  of  Missouri,  and  for  pore  crystallized  galena. 


Dexter  ft  Co.,  New  York  City,  N.  Y.,  U.  S. 

23  MICA. 

Report. — Commended  for  a  fine  collection  of  mica  from  different  American  localities; 
large  size  and  good  quality  of  the  sheets. 
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E.  I.  Dunn,  Cape  Town,  Cape  of  Good  Hope. 

24  GEOLOGICAL  MAP. 

Report, — ^A  small  colored  geological  map  of  South  Africa. 


C.  H.  Hitchcock  and  W.  P.  Blake,  Hanover,  N.  H.,  and  New  Haven,  Conn.,  U.  8. 

25  GEOLOGICAL  MAPS. 

Report, — ^A  new  and  valuable  geological  map  of  the  United  States. 


Charles  H.  Hitchcock,  Hanover,  N.  H.,  U.  8. 

26  GEOLOGICAL  MAPS  AND  COLLECTIONS. 

Report. — New  and  valuable  geological  maps  of  Maine,  Massachusetts,  and  New  Hamp- 
shire, and  for  a  large  collection  of  specimens  illustrating  the  work  of  the  geological  survey 
of  the  latter  State. 

E.  Gaujot,  Copper  Palls,  Mich.,  U.  8. 

27  GEOLOGICAL  MAP. 

Report. — A  new  and  detailed  geological  map  of  the  upper  peninsula  of  Michigan. 


Charles  Carpenter,  Kelley's  Island,  Ohio,  U.  8. 

28  GEOLOGICAL  SPECIMENS. 

Report. — ^An  interesting  collection  of  grooved  and  striated  rocks. 


Henry  A.  Ward,  Rochester,  N.  Y.,  U.  8. 

29  PALiGONTOLOGICAL  MODELS. 

Report. — An  extensive  series  of  palseontological  models,  well  adapted  for  scientific 
instruction. 

George  8.  Mepham,  St.  Looia,  Mo.,  U.  8. 

30  MINERALOGICAL  COLLECTION. 

Report, — A  well-aiianged  collection  of  ores  and  their  associated  minerals  from  Missouri. 


Anthony  Jugovicz,  Klagenfurt,  Austria. 

31  GEOLOGICAL  COLLECTION. 

Report. — ^An  instructive  collection  of  rocks  and  ores  from  Carinthia. 


E.  R.  Beadle,  D.D.,  Philadelphia,  Pa.,  U.  8. 

32  MINERALS. 

Report, — A  fine  collection  of  crystallized  American  minerals. 


Joseph  Willcoz,  Philadelphia,  Pa.,  U.  S. 

33  MINERALS. 

Report, — ^A  fine  collection  of  crystallized  American  minerals. 


Rev.  C.  D.  8mith,  Franklin,  N.  C,  U.  8. 

34  MINERALOGICAL  COLLECTION. 

Report, — An  instructive  collection  of  the  minerals  of  North  Carolina. 
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Prof.  H.  Qorceiz,  Minas  Qeraes,  Brazil. 

35  COLLECTION  OF  ROCKS  AND  BilNERALS. 

■  Report. — A  good  collection  of  crystalline  rocks  and  minerals  from  the  Province  of  Minas 
Geraes. 

J.  T.  Wilder,  CbatUnooga,  Teim.,  U.  8. 

36  COLLECTION  OF  MARBLE  AND  ORES. 
Report. — An  instructive  series  of  minerals  and  ores  from  Tennessee. 


W.  W.  Jefferis,  West  Chester,  Pa.,  U.  8. 

37  MINERALS. 

Report. — A  fine  collection  of  crystallized  American  minerals. 


A.  E.  Foote,  Philadelphia,  Pa.,  U.  S. 

38  COLLECTION  OF  MINERALS. 

Report. — ^An  interesting  exhibition  of  American  minerals,  together  with  elementary  col- 
lections for  the  study  of  mineralogy. 


Theodore  D.  Rand,  Philadelphia,  Pa.,  U.  8. 

39  MINERALS. 

Report, — ^A  very  fine  collection  of  crystallized  American  minerals. 


University  of  Cordoba,  Cordoba,  Argentine  Confederation. 

40  GEOLOGICAL  COLLECTION. 

Report. — An  instructive  collection  of  the  ores  and  rocks  of  the  country. 


Francisco  de  Aguilar,  Province  of  8an  Juan,  Argentine  Confederation. 

41  COLLECTION  OF  ORES. 

Report. — A  valuable  collection  of  the  ores  of  the  province. 


William  A.  Treloar,  Province  of  Rioja,  Argentine  Confederation. 

42  COLLECTION  OF  ORES.  A 

Report. — ^A  complete  collection  of  the  metallic  ores  of  the  province. 


National  Museum,  Rio  Janeiro,  Brasil. 

43  GEOLOGICAL  AND  MINERALOGICAL  COLLECTION. 

Report. — A  laxge  and  instructive  collection*  illustrating  the  geology  and  the  mineralogy 
of  Brazil,  and  remarkable  for  a  series  of  diamonds  and  precious  stones. 


Geological  Survey  of  Canada. 

44  GEOLOGICAL  COLLECTION. 

Report. — ^A  large  collection  of  economic  minerals  of  the  Dominion  of  Canada,  including 
the  ores  of  iron,  lead,  antimony,  copper,  silver,  gold,  and  platinum,  together  with  marbles, 
slates,  and  building  stones ;  a  collection  showing  the  various  rock  formations ;  a  very  fine 
and  complete  series  of  specimens  illustrating  the  history  of  Eozooh  Canadense^  and  the  geo- 
logical maps  hitherto  published  by  the  geological  survey. 
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Edouard  S6ve,  Chili. 

4^  COLLBCTION  OF  ORES. 

Report. — A  collection  of  metallic  ores  from  Chili. 


Eloffe  ft  Co.,  Paris,  Prance. 

46  COLLECTION  OP  ROCKS  AND  MINERALS. 

Report. — A  good  systematic  collection  of  rocks  and  minerals  for  the  purpose  of  instruc- 
tion. 

National  Qeological  Institution,  Berlin,  Qermany. 

47  GEOLOGICAL  MAPS. 

Report. — Remarkable  geological  maps  of  Prussia  and  Thuringia. 


C.  W.  Oiimbel,  Munich,  Bavaria,  Germany. 

48  GEOLOGICAL  MAP. 

Report. — A  geological  map  of  Bavaria,  by  Gilmbel ;  a  work  of  great  scientific  value  and 
completeness. 

Stantien  ft  Becker,  Berlin  and  Kdnigsberg,  Germany. 

49  COLLECTION  OP  AMBER. 

Report. — A  large  and  complete  collection  of  amber  in  its  natural  state,  showing  different 
varieties,  and  representing  a  great  industry. 


Indian  Museum,  London,  England. 

50  COLLECTION  OF  MINERALS. 

Report. — An  interesting  collection  of  the  economic  minerals  of  India. 


Prederick  Thomas,  Siegen,  Germany. 

51  CRYSTAL  MODELS. 

Report. — A  series  of  glass  models  of  crystalline  forms,  admirably  adapted  for  teaching 
crystallography. 

Wilhelm  E.  Menzel,  Teplits,  Bohemia,  Austria. 

52  GARNETS. 

Report. — An  interesting  collection  of  rough  and  cut  garnets  from  Bohemia  and  the  Tyrol. 


Louis  A.  Goldschmidt,  Dubnik,  Hungary. 

53  ROUGH  OPALS. 

Report. — A  large  and  valuable  exhibit  of  rough  opals,  one  specimen  weighing  six  hun- 
dred and  two  karats  and  valued  at  twenty-five  thousand  dollars. 


Prancis  Tagliavia  ft  Co.,  Messina,  Italy. 

54  MINERALS. 

Report, — ^A  collection  of  crystallized  minerals. 


National  Museum  of  Mezica 

55  BROMYRITE. 

Report, — ^A  very  large  and  valuable  exhibit  of  bromyrite  from  Catorce,  State  of  San  Luis 
Potosi. 
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Colonial  Museum,  Wellington,  New  Zealand. 

56  COLLECTION  OF  MINERALS. 

Report, — An  instructive  colleclion  of  rocks  and  minerals  from  New  Zealand,  arranged  by 
Mr.  James  Hector. 

57  Department  of  Mines,  Sydney,  New  South  Wales,  Australia. 

MINERALOGICAL  AND  GEOLOGICAL  COLLECTION,  AND  COLLECTION  OF  COPPER  AND  GOLD 

ORES. 

Report. — Commended  for  the  fine,  large,  and  well-arranged  collection  of  ores  and 
organic  remains  illustrating  the  economic  mineralogy  and  the  palaeontology  of  New  South 
Wales ;  also  for  the  purity  of  the  copper,  importance  of  the  production,  and  the  number 
and  classification  of  the  gold  ores  and  tailings. 


Brttgger  ft  Reuscta,  Christiania,  Norway. 

58  GEOLOGICAL  SPECIMENS  AND  PLANS. 

Report. — An  instructive  exhibition  of  new  minerals  from  Norway,  and  diagrams  illus' 
trating  geological  processes. 

Karl  Pettersen,  Tromsd,  Norway. 

59  GEOLOGICAL  MAP  AND  COLLECTION. 

Report. — An  instructive  geological  map  and  collection,  illustrating  the  geology  of  North- 
em  Norway. 

Orange  Free  Sute. 

60  DIAMONDS. 

Report. — ^A  remarkable  collection  of  diamonds,  some  of  them  in  their  native  rock. 


The  Government 'of  Peru. 

61  GEOLOGICAL  AND  MINERALOGICAL  COLLECTION. 

Report. — ^A  well-arranged  collection  of  the  ores  and  rocks  of  Peru,  with  a  series  of 
native  saline  minerals  and  with  numerous  analyses. 


Royal  Mining  Department,  Lisbon,  Portugal. 

62  MAPS  OF  MINING  SURVEY. 

Report. — Excellent  maps  of  some  important  mines  of  the  kingdom  of  Portugal. 


Ribeiro  ft  Delegado,  Portugal. 

63  GEOLOGICAL  MAP. 

Report. — A  recent  geological  map  of  Portugal,  of  much  scientific  interest. 


Professor  Valerien  de  M611er,  St.  Petersburg,  Russia. 

64  GEOLOGICAL  MAPS. 

Report. — Geological  maps  of  the  Urals  and  of  Nijni-Novgorod,  with  detailed  sections  of 
great  scientific  importance. 

Inspection  of  Mines,  Philippine  Islands,  Dominion  of  Spain. 

65  COLLECTION  OF  ORES. 

Report. — Commended  for  the  good  collection  of  the  ores  of  iron,  lead,  and  gold,  and 
coal ;  good  selection  of  the  samples,  and  analysis. 
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R.  P.  Fr.  Ant.  Llanos,  Philippine  Islands,  Dominion  of  Spain. 

66  METALLURGICAL  COLLECTION. 

Report, — ^A  good  collection  of  the  ores  of  iron  and  copper,  the  intermediate  products  of 
reductions,  and  the  metal  obtained. 


Alfonso  E.  Piquet,  Horeajo,  Spain. 

67  INDUSTRIAL  AND  MINERALOGICAL  COLLECTION. 

Report, — ^A  good  industrial  and  mineralogical  collection  from  the  Horeajo  mine ;  also 
mining  maps. 

68  Jemkontoret,  Stockholnii  ^wpden. 

GEOLOGICAL  MAPS,  PLANS  OF  MINES,  IRON  ORES,  IRON  AND  STEEL  PRODUCTS  THEREFROM, 

DRAWINGS  OF  FURNACES, 

Report, — A  most  scientific  as  well  as  a  most  instructive  exhibit,  not  only  of  the  raw 
materials  used,  but  of  the  means  employed  for  their  treatment.  The  products  both  of  iron 
and  steel  correspond  entirely  with  the  well-known  excellent  characters  of  the  manufacturers 
who  have  supplied  the  Jemkontoret  with  the  specimens  exhibited. 


Samuel  Stonestreet,  Kimberly  Mines,  Cape  of  Qood  Hope. 

69  DIAMONDS. 

Report, — An  instructive  collection  of  diamonds,  some  of  them  in  the  parent  rock,  from 
Griqualand. 

Geological  Survey  of  Great  Britain  and  Ireland. 

70  GEOLOGICAL  MAPS. 

Report, — A  remarkable  collection  of  maps  and  sections,  illustrating  the  geology  of  Great 
Britain  and  Ireland. 


Dr.  Honeyman,  Halifax,  Nova  Scotia. 

71  GEOLOGICAL  COLLECTION. 

Report, — ^A  geological  collection  showing  the  distribution  of  erratic  rocks  in  Nora  Scotia. 


Mrs.  Bishop,  Barcoo,  Queensland,  Australia 

72  COLLECTION  OF  OPALS. 

Report, — A  remarkable  collection  of  opals  from  the  Barcoo. 


Richard  Daintree,  Holyrood  House,  Queisnsland,  Australia. 

73  GEOLOGICAL  COLLECTION. 

Report, — ^A  collection  of  rocks,  ores,  and  organic  remains  from  Queensland,  with  an  in- 
structive comparison  between  the  rocky  strata  and  the  overlying  soils. 


Mining  School,  St.  Petersburg,  Russia. 

74  GEOLOGICAL  AND  MINERALOGICAL  OOLLSCTIONS. 

Report, — Extraordinary  collections  of  minerals,  with  precious  stones  snd  native  metals, 
accompanied  by  well-selected  specimens  of  rocks  and  organic  remains. 
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Corps  of  Mining  Engineers,  Madrid,  Spain. 

75  MINERALOGICAL  COLLECTION. 

Report, — A  good  mineralogical  collection,  consisting  of  two  pieces  of  ore  from  all  the 
principal  mining  districts  of  the  country,  and  statistics. 


J.  I.  Bleaedale,  Melbourne,  Victoria,  Australia. 

76  COLLECTION  OF  GEMS. 

Report, — An  instructive  collection  of  the  precious  stones  found  in  the  superficial  deposits 
of  Victoria. 


Acadia  Catherine  Gold  Mining  Co.,  Sandhurst,  Victoria,  Australia. 

77  GOLD  ORES. 

Report, — Commended  for  the  number  and  value  of  specimens  exhibited. 


R.  Brough  Smyth,  Melbourne,  Victoria,  Australia. 

78  GEOLOGICAL  MAPS,   REPORTS,   ETC. 

Report, — ^A  geological  map  of  the  Province  of  Victoria,  with  various  local  maps  and  re- 
ports on  geology,  palseontology,  and  mining  statistics. 


Geological  Survey  of  Sweden,  Stockholm,  Sweden. 

79  GEOLOGICAL  COLLECTION  AND  MAPS. 

Report, — Admirable  geological  maps,  with  a  collection  of  rocks  and  oiganic  remains, 
illustrating  the  geology  of  Sweden. 


Hawaiian  Museum,  Sandwich  Islands. 

80  COLLECTION  OF  VOLCANIC  ROCKS. 

Report, — ^An  instructive  collection  of  volcanic  products  from  Kilauea. 


Government  of  Victoria,  Australia. 

81  COLLECTION  OF  ROCKS  iCND  MINERALS. 

Report, — A  large  collection  of  rocks,  economic  minerals,  and  organic  remains,  with  a 
full  descriptive  catalogue,  giving  a  view  of  the  geology  of  Victoria. 


82  Commissioners  of  Tasmania. 

Report, — Collections  of  ores  and  rocks. 


Commissioners  of  Queensland,  Australia. 

83  COALS. 

Report, — Commended  for  good  quality. 


New  South  Wales  Shale  and  Oil  Co.,  Sydney,  New  South  Wales,  Australia. 

84  KEROSENE  SHALE  AND  OIL. 

Report, — An  interesting  exhibition  of  samples  of  kerosene  shale,  and  of  burning  oil 
obtained  from  that  kind  of  coal. 
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S.  H.  Samuelton,  Tdekefors,  R&da,  Sweden. 

85  PEAT-PRESSING  MACHINE. 

Report, — ^Commended  for  its  adaptability  to  the  object  intended. 


Waterman  Bros.,  London,  Ontario,  Canada. 

86  PETROLEUM. 

Report. — A  fine  display  of  petroleum,  crude  and  manufactured  paraffine,  etc. 


Mahoning  Valley  Centennial  Association,  Youngstown,  Ohio,  U.  S. 

87  COALS,  IRON  ORES,  AND  PIG  IRONS. 

Report. — Represented  in  a  good  display  of  bituminous  block  coal,  black-band  iron  ore, 
and  pig  irons,  from  the  following  manufacturers :  Andrews  &  Hitchcock,  Andrews  Brothers, 
Struthers  Iron  Co.,  Himrod  Furnace  Co.,  Briar  Hill  Iron  and  Coal  Co.,  Jonathan  Warner. 
Hie  coal  of  this  region  is  universally  good  for  smelting  puqx)ses,  using  Lake  Superior, 
Lake  Champlain,  and  black-band  ores.  Good  ores  are  produced,  suitable  for  the  manu- 
facture of  Bessemer  steel,  also  for  forge,  foundry,  and  agricultural  work. 


State  of  Indiana,  U.  S. 

88  COALS,  IRON  ORES,  IRON,  MALLEABLE  CASTINGS. 

Report, — This  exhibit  is  the  work  of  Professor  £.  T.  Cox,  State  Geologist  of  Indiana. 
The  display  is  an  instructive  one,  embracing  block  and  cannel  coals  of  good  quality  for 
smelting  and  domestic  purposes ;  coke  iron  ores,  Bessemer,  foundry,  and  foige  irons,  also 
malleable  castings,  the  product  of  the  Indianapolis  Malleable  Iron  Co.;  and  blooms  and 
railway  bars  manufactured  by  the  Indianapolis  Rolling  Mill  Co. 


Marietta,  Pituburg,  and  Cleveland  Railway,  U.  S. 

89  COAL  AND  IRON  ORES. 

Report. — ^A  good  display  of  coal  and  iron  ores,  special  attention  being  called  to  a  large 
specimen  of  black-band  ore  exhibited  by  the  Black  Band  Iron  Co. 


Selma,  Rome,  and  Dalton  Railroad,  U.  8. 

V 

90  COAL,  IRON  ORES,  AND  IRON. 

Report. — ^The  display  from  this  region  is  represented  by  S.  W.  Baird,  General  Agent  of  the 
road.  It  embraces  specimens  of  coal  and  iron  ores,  the  deposits  of  which  are  unusually 
large ;  also,  of  copper  ore  found  in  Stone  Hill,  Georgia.  Specimens  of  pig  iron  from  eight 
furnaces,  and  of  spiegeleisen  from  one  furnace,  are  also  exhibited,  some  of  which  indicate 
good  chilling  properties.  The  products  of  these  furnaces  are  widely  used  in  the  manufac- 
ture of  forge,  foundry,  and  railroad  work. 


State  of  Kentucky,  U.  S. 

91  COAL  AND  IRON. 

Report. — ^A  large  and  well-arranged  display  of  the  iron  and  coal  resources  of  the  State, 
the  work  of  Professor  John  R.  Proctor.  In  this  display  are  exhibited  specimens  of  pig  iron 
from  twelve  furnaces  embraced  in  what  is  known  as  the  Hanging  Rock  Region,  also  from 
the  furnaces  of  Hillman  Brothers  and  the  Red  River  Iron  Co.  Several  of  the  ore  de- 
posits in  the  State  are  unusually  well  adapted  to  the  manufacture  of  high  grades  of  car- 
wheel  iron,  and  many  are  used  in  the  production  of  pig  irons  well  suited  for  foige  and 
foundry  work. 
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State  of  Pennsylvania,  U.  S. 

92  BITUMINOUS  COAL. 

Report,-^K  laige  and  beautiful  exliibit  of  bituminous  coals,  some  of  which  are  particu- 
larly adapted  to  the  manufacture  of  coke,  others  for  gas,  and  all  for  general  purposes. 
Illustrated  by  the  exhibits  made  by  the  following  firms ;  Dysart  &  Co.,  Jefferson  County ; 
Westmoreland  Coal  Co.,  Irwin  Station,  Pennsylvania  Railroad ;  Robert  Hare  Powel  &  Co., 
from  Westmoreland,  Centre,  and  Clearfield  Counties,  and  from  BrockwayviUe,  Jefferson 
County. 

State  of  Pennsylvania,  U.  S. 

93  SEMI-BITUMINOUS  COAL. 

Report, — Commended  for  the  fine  quality  of  the  semi-bituminous  coals  from  this  State, 
some  of  which  are  excellent  for  steam  and  some  for  coking  purposes.  Also,  for  the  ex- 
hibit from  the  following  localities :  Shoup*s  Run,  Sandy  Run,  Cumberland  Mine,  McGuiley 
Mine,  and  Robert  Hare  Powel  &  Co.'s  lands. 


State  of  Pennsylvania,  U.  S. 

94  ANTHRACITE  COAL. 

Report, — Commended  for  the  purity,  good  quality,  and  excellence  of  the  anthracite  coal 
from  this  State,  especially  adapted  for  steam,  iron-making,  and  domestic  purposes.  Also 
for  the  fine  exhibit  made  by  the  following  firms,  viz. :  The  Knickerbocker  Colliery,  Eber- 
vale  Coal  Co.,  Theodore  Garrettson,  Girard  Colliery,  Harleigh  Collery,  Hickory  Coal  Co., 
John  W.  Draper  from  Gilberton,  A.  Pardee  &  Co.  from  Hazleton,  Philadelphia  and  Reading 
Coal  and  Iron  Co. 

State  of  Ohio,  U.  S. 

95  COALS. 

Report. — Commended  for  the  fine  exhibit  of  coals  from  the  State ;  especially  the  block 
coal  from  the  Mahoning  district,  which  is  very  pure,  and  largely  used  in  a  raw  state  for 
iron  smelting ;  that  from  the  Hocking  Valley  and  Hanging  Rock  districts,  used  for  iron 
smelting  and  domestic  purposes ;  the  open-burning  coal  of  the  Steubenville  district,  well 
adapted  for  coke ;  that  from  the  Massillon  district,  for  iron  smelting  and  domestic  use ;  and 
that  of  the  Pomeroy  district,  well  adapted  for  steam  purposes.  These  are  in  part  illustrated 
by  the  following  exhibits,  viz. :  Steubenville  Coal  and  Mining  Co. ;  Hurd  Coal  and  Iron 
Co.  of  Ferrara,  Perry  County ;  Grove  Coal  Co.  of  Massillon ;  Newark  Coal  Co.  of  Flint 
Ridge,  Licking  County;  Peter  Hayden,  Hocking  Valley;  W.  B.  Brooks  &  Son,  Hock- 
ing Valley;  Ohio  Coal  Co.,  Cambridge,  Guernsey  County;  Ohio  Coal  Co.,  Macksburg, 
Washington  County ;  Burnett  Coal  Co.,  Mahoning  Valley ;  Mahoning  Coal  Co.,  Mahoning 
Valley;  Andrews  &  Hitchcock,  Mahoning  Valley;  Andrews  Bros.,  Mahoning  Valley; 
C.  H.  &  W.  C.  Andrews,  Mahoning  Valley ;  McCurdy  Coal  Co.,  Mahoning  Valley ;  Church 
Hill  Coal  Co.,  Mahoning  Valley;  Church  Hill  Mining  Co.,  Mahoning  Valley;  Tod  Iron 
Co.,  Mahoning  Valley ;  Vienna  Coal  and  Iron  Co.,  Mahoning  Valley ;  Foster  Coal  Co., 
Mahoning  Valley ;  Kyle  Coal  Co.,  Mahoning  Valley;  Powers  Coal  Co.,  Mahoning  Valley; 
Wick  &  Wells,  Mahoning  Valley ;  Packard  Coal  Co.,  Mahoning  Valley ;  Holliday  Coal 
Co.,  Mahoning  Valley;  Jacobs  &  Sons,  Mahoning  Valley;  New  Lisbon  Coal  Co.,  Ma- 
honing Valley;  Harroff  Coal  Co.,  Mahoning  Valley;  McDowell,  Wick,  &  Co.,  Mahoning 
Valley;  Brookfield  Coal  Co.,  Mahoning  Valley;  Shenango  Coal  Co.,  Mahoning  Valley; 
Hamelton  Coal  Co.,  Mahoning  Valley;  Jonathan  Warner,  Mahoning  Valley;  Tod  &  Wells, 
Mahoning  Valley ;  Morris  &  Price,  Mahoning  Valley ;  Wise  Coal  Co.,  Mahoning  Valley ; 
Ohlton  Coal  Co.,  Mahoning  Valley ;  Harris,  Maurer,  &  Co.,  Mahoning  Valley. 
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State  of  Iowa,  U.  8. 

96  COALS. 

Report, — Commended  for  the  bituminous  coal  of  the  State,  as  illustrated  by  the  exhibits 
of  Westerly  Redhead,  and  the  Mahaska  Coal  Mining  Co. 


State  of  Colorado,  U.  8. 

97  COAL. 

Report, — ^A  fine  exhibit  of  coal  from  this  State. 


Anthracite  Fuel  Co.,  Rondout,  N.  Y.,  U.  S. 

98  COMPRESSED  COAL. 

Report, — Commended  for  beauty  and  purity  of  the  samples  of  compressed  coal  exhibited^ 
and  for  the  utilization  of  anthracite  waste. 


A.  A.  Hutchinson  &  Brother,  Pittsburg,  Pa.,  U.  S. 

99  COKE. 

Report. — Commended  for  general  excellence  of  quality. 


Stoner,  Hitchman,  ft  Co.,  Mount  Pleasant,  Pa.,  U.  S. 

100  COKE. 

Report, — Commended  for  general  excellence  of  quality. 


John  M.  Cochran  ft  Co.,  Broadford,  Pa.,  U.  S. 

lOI  CONNELLSVILLE  COKE. 

Report, — Commended  for  general  excellence  of  quality. 


Loiseau  Pressed  Fuel  Co.,  Philadelphia,  Pa.,  U.  S. 

102  COMPRESSED    FUEL. 

Report, — Commended  for  the  utilization  of  anthracite  waste. 


H.  F.  Martin,  AUentown  Slate  Co.,  Lynnport,  Lehigh  County,  Pa.,  U.  S. 

103  SLATE. 

Report, — Commended  for  the  variety  of  the  exhibit  and  good  quality  of  the  slate. 


Geological  Survey  of  North  Carolina,  W.  C.  Kerr,  Director. 

104  COLLECTION  OF  BUILDING  AND  ORNAMENTAL  STONES. 

Report, — Commended  for  the  variety  and  excellence  of  the  building  and  ornamental 
stones  exhibited,  including  granites,  marbles,  and  limestones. 


Smithsonian  Institution,  Washington,  D.  C,  U.  8. 

105       COLLECTION  OF  BUILDING  STONES  FROM  THE  UNITED  STATES. 

Report, — Commended  for  the  magnitude  of  the  exhibit  and  the  excellent  quality  of  many 
of  the  marbles,  granites,  etc.  exhibited. 


GROUP  I.  417 

Nova  Scotia  Section  of  Canadian  Commission. 

106  COLLECTION  OF  BUILDING  STONES. 

Report. — Commended  for  the  representative  character  of  the  collection  and  general  good 
quality  of  materials  exhibited. 

Commissioners  of  the  State  of  West  Virginia,  U.  S. 

107  BUILDING  STONES  OF  WEST  VIRGINIA. 

Report, — Commended  for  the  variety  and  excellence  of  the  building  stones  forming  the 
collection  exhibited. 

108  Ohio  State  Centennial  Board,  Ohio  State  Building. 

BUILDING  STONES  USED  IN  CONSTRUCTION   OF  SAID  BUILDING,  COLLECTIVE  EXHIBIT. 

Report. — Commended  for  the  magnitude  of  the  collection,  its  representative  character, 
and  good  quality  of  the  stone  furnished  by  the  following  parties : 

A.  O.  Hoffman,  Wm.  Thompson,  and  others,  Springfield,  Ohio;  Berea  Stone  Co.,  Berea, 
Ohio;  J.  R.  Hurst,  Cleveland,  Ohio;  O.  D.  Ford,  Cleveland,  Ohio;  L.  Halderman  &  Son, 
Qeveland,  Ohio*,  John  Wagner,  Cleveland,  Ohio;  Amherst  Stone  Co.,  Cleveland,  Ohio; 
Black  River  Stone  Co.,  Cleveland,  Ohio;  John  Paul  &  Co.,  Massillon,  Ohio;  Wilson  & 
Hughes  Stone  Co.,  Cleveland,  Ohio;  Clough  Stone  Co.,  Amherst,  Ohio;  Worthington  & 
Sons,  Amherst,  Ohio;  Ohio  Stone  Co.,  Cleveland,  Ohio;  J.  McDermott  &  Co.,  Cleveland, 
Ohio;  Coshocton  Stone  Co.,  Coshocton,  Ohio;  Stitt,  Price,  &  Co.,  Columbus,  Ohio;  J.  H. 
Finnegan,  Cincinnati,,  Ohio ;  R.  M.  Montgomery,  Youngstown,  Ohio;  Caldwell  &  Tod, 
Youngstown,  Ohio;  Byers  &  Mcllhainy,  Youngstown,  Ohio;  Mauser  &  Haid,  Youngstown, 
Ohio;  Homer  Hamilton,  Youngstown,  Ohio;  Warthorst  &  Co.,  Massillon,  Ohio;  Z.  S. 
Stocking,  Mansfield,  Ohio;  Marcus  Bosler,  Dayton,  Ohio;  William  Huffman,  Dayton, 
Ohio. 


Msrstic  Bridge  Granite  Co.,  Msrstic  Bridge,  Conn.,  U.  S. 

109  FINE  GRAY  GRANITE. 

Report. — Commended  for  the  fine  homogeneous  texture  and  the  pure  and  pleasing  color 
of  the  stone. 


J.  D.  Powers,  Hawesville,  Ky.,  U.  S. 

no  BROWN  SANDSTONE. 

Report, — Commended  for  the  pleasing  tint,  fine  homogeneous  grain,  and  strength  of  the 


stone. 


Portland  Brown  Stone  Quarry  Cos.,  Portland,  Conn.,  U.  S. 

Ill  BROWN  SANDSTONE. 

Report, — Commended  for  the  good  color,  uniform  texture,  and  durability  of  the  stone 
from  the  quarries  of  the  company. 


M.  P.  Richey,  Waverly,  Ohio,  U.  S. 

112  BUILDING  STONE. 

Report.^^UfooQXxAtA  for  the  good  color  and  texture  of  the  stone  exhibited. 


Ph.  W.  Schneider,  Ozark  Mountain  Granite  Works,  St.  Louis,  Mo.,  U.  S. 

ZI3  RED  GRANITE. 

Report, — Commended  for  the  good  quality  of  the  stone. 
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North  Pittsford  Marble  Co.,  Pittsford,  Vt.,  U.  S. 

114  MARBLES. 

Report. — Commended  for  the  good  color,  homogeneoos  texture,  and  strength  of  the 
marble. 


North  Bend  Slate  Co.,  Middle  Granville,  Washington  County,  N.  Y.,  U.  S. 

115  RED  SLAIE. 

Report. — Commended  for  the  variety  of  color  and  good  quality  of  the  slate. 


J.  McDermott  ft  Co.,  Cleveland,  Ohio,  U.  S. 

116  BUILDING  STONE. 

Report, — Commended  for  the  good  color,  uniform  texture,  and  strength  of  the  stone. 


Coshocton  Stone  Co.,  Coshocton,  Ohio,  U.  S. 

117  BUILDING  STONE. 

Report, — Commended  for  the  good  color  and  consistence  of  the  stone  exhibited. 


Clottgh  Stone  Co.,  Amherst,  Ohio,  U.  S. 

118  BUILDING  STONE. 

Report, — Commended  for  the  uniform  and  attractive  color  and  homogeneous  texture  of 
the  stone. 

demons  ft  Eichelberger,  Marblehead,  Ohio,  U.  S. 

119  BUILDING  STONE. 

Report, — Commended  for  the  good  color,  uniformity  of  texture,  and  strength  of  the 
stune. 


Black  River  Stone  Co.,  Grafton,  Ohio,  U.  S. 

laO  SANDSTONE, 

Report, — Conmiended  for  the  good  color  and  even  grain  of  the  stone. 


J.  B.  Killebrew,  Nashville,  Tenn.,  U.  SI 

131  SPECIMENS  OV  TENNESSEE  MARBLE. 

Report,'^'A  varied  and  numerous  series  of  Tennessee  marbles. 


Hugh  Campbell  ft  Son,  Newry  Granite  Polishing  Works,  Newry,  Ireland. 

122  WROUGHT  GRANITE. 

Report. — Commended  for  the  good  quality  of  the  stone  and  the  good  workmanship  of 
the  articles  exhibited. 

Kentucky  Lithographic  Stone  Co.,  Glasgow  Junction,  Ky.,  U.  S. 

123  BUILDING  STONE. 

Report, — Commended  for  the  fine  uniform  texture  and  pure  color  of  the  stone. 


H.  D.  Gumey,  St.  Paul,  Minn.,  U.  S. 

124  BLOCKS  OF  GRANITE. 

Report, — Commended  for  the  variety  and  good  quality  of  the  granite  shown. 


GROUP  I.  4IC) 

L.  Haldeman  ft  Son,  Cleveland,  Ohio,  U.  S. 

125  BUILDING  STONE. 

Report, — Commended  for  good  color  and  homogeneous  texture  of  the  stone. 


P.  W.  Redpath,  Stony  Creek,  Conn.,  U.  S. 

126  RED  GRANITE. 

Report, — Conmiended  for  the  bright  color  and  homogeneous  texture  of  the  stone. 


Columbian  Slate  Co.,  Slatington,  Pa.,  U.  S. 

127  ROOFING  SLATES. 

Report. — Commended  for  the  good  quality  of  the  roofing  slates  exhibited. 


The  Columbian  Marble  Co.,  Rutland,  Vt.,  U.  S. 

I2&  COLORED  MARBLES. 

Report, — Commended  for  the  extent  and  variety  of  the  exhibit,  and  the  excellence  of  the 
material  shown. 

St.  Johnsbury  Granite  Co.,  St.  Johnsbury,  Vt.,  U.  S. 

129  GRANITE  MONUMENTS  AND  TABLETS. 

Report. — Commended  for  the  good  quality  of  the  material,  the  originality  of  design,  and 
the  workmanship  of  the  articles  exhibited. 


Rutland  Marble  Co.,  Rutland,  Vt.,  U.  S. 

130  WHITE  AND  CLOUDED  MARBLE. 

Report, — Commended  for  the  magnitude  and  variety  of  the  exhibit,  for  the  variety  and 
beauty  of  color,  and  the  purity  and  uniformity  of  the  texture  of  the  marble. 


D.  C.  Sutler,  Piqua,  Ohio,  U.  S. 

131  BUILDING  STONE. 

Report, — Commended  for  the  good  color,  strength,  and  even  texture  of  the  stone  exhibited. 


Plymouth  Granite  Co.,  Thomaston,  Conn.,  U.  S. 

132  GRANITE. 

Report, — Commended  for  the  fine  uniform  grain,  high  polish,  and  pleasing  light  tint  of 
the  stone. 


J.  B.  Palmer,  Waterford,  New  London  County,  Conn.,  U.  S. 

133  GRANITE. 

Report, — Commended  for  the  good  color  of  the  stone,  its  fine  close  grain  and  good 
polish,  and  the  marked  contrast  between  the  polished  and  dressed  surfaces,  a  character 
which  gives  unusual  distinctness  to  ornamentation. 


W.  H.  B.  Thomas,  Mt.  Holly,  N.  J.,  U.  S. 

134  ROSE-CRYSTAL  MARBLE. 

Report, — Commended  for  the  beauty  and  strength  of  the  maible. 
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Stitt,  Price,  ft  Co.,  Columbus,  Ohio,  U.  S. 

135  BUILDING  STONE. 

Report, — Commended  for  the  good  quality  of  the  stone  exhibited. 


C.  W.  Lovett,  Boston,  Mass.,  U.  S. 

136  COLLECTION  OF  POLISHED  ORNAMENTAL  STONES. 

Report, — Commended  for  the  remarkably  perfect  and  brilliant  polish  imparted  to  a  variety 
of  hard  stones — ^porphyry,  agate,  granite,  amethyst,  etc. — ^by  a  new  and  cheap  process. 


Thomas  Sewell,  8r.,  Clay's  Ferry,  Ky.,  U.  8. 

137        LOWER   SILURIAN   LIMESTONE,  "KENTUCKY  RIVER  MARBLE." 

Report. — Commended  for  the  good  color,  homogeneous  texture,  and  strength  of  the  stone. 


Richard  L.  Williams,  Middle  Granville,  Washhigton  County,  N.  Y.,  U.  S. 

138  SLATE  FOR  TILING  AND  ROOFING. 

Report. — Commended  for  variety  of  color — ^red,  purple,  and  green — and  good  quality  of 

slate. 

Gilson,  Clement,  ft  Woodfin,  Rutland,  Vt.,  U.  S. 

139  STATUARY  MARBLE. 

Report, — Conunended  for  the  purity  of  color  and  fine  homogeneous  texture  of  the  block 

exhibited. 


Shaler  ft  Hall,  Portland,  Conn.,  U.  8. 

140  BROWN  SANDSTONE. 

Report. — Conunended  for  the  homogeneous  texture,  good  color,  and  strength  of  the 
sandstone  exhibited. 


Z.  S.  Stocking,  Mansfield,  Ohio,  U.  8. 

141  VARIEGATED  SANDSTONE. 

Report, — Commended  for  the  magnitude  of  the  exhibit,  and  the  varied  and  striking 
colors  of  the  stone  and  its  adaptation  to  certain  architectural  purposes. 


S.  M.  Stone,  New  Haven,  Conn.,  U.  S. 

142  MILFORD  VERD-ANTIQUE  MARBLE. 

Report, — Commended  for  the  good  color  and  texture  of  the  stone  and  its  adaptation  to 
interior  decoration. 


Stnithers  ft  Son,  Philadelphia,  Pa.,  U.  S. 

143  WROUGHT  MARBLES  AND  GRANITES. 

Report, — Commended  for  the  extent  and  variety  of  the  exhibit,  the  beauty  and  excellence 
of  the  materials,  and  the  workmanship. 


Sutherland  Palls  Marble  Co.,  Sutherland  Palls,  Vt.,  U.  S. 

144  CLOUDED  MARBLES. 

Report. — Commended  for  the  strength  and  homogeneity  of  the  marble  and  its  adaptation 
to  the  purposes  for  which  it  is  used. 


GROUP  L  42, 

Warthorat  Co.,  Massillon,  Ohio,  U.  S. 

145  BinLDING  STONE  AND  GRINDSTONES. 

Report. — Commended  for  the  strength,  uniformity  of  texture,  and  good  color  of  the 
building  stone  exhibited ;  and  for  the  good  grit  of  the  grindstones,  suitable  for  wet  and  dry 
grinding. 

C.  B.  WeUs,  Mariena,  Ohio,  U.  S. 

146  BUILDING  STONE  CALLED  "CONSTITUTION  STONE." 

Report. — Commended  for  the  uniform  and  attractive  color,  fine  and  uniform  grain,  and 
strength  of  the  stone  exhibited. 

Wilson  ft  Hughes  Stone  Co.,  Cleveland,  Ohio,  U.  S. 

147  BUILDING  STONE. 

Report. — Commended  for  the  good  color  and  grain  of  the  stone  shown. 


Lr'Anae  Brown  Stone  Quarry  Co.,  Marquette,  Lake  Superior,  Mich.,  U.  S. 

148  BROWN  FREESTONE. 

Report. — Commended  for  the  good  color  and  uniform  texture  of  the  brownish-purple 
sandstone  which  they  exhibit. 

James  H.  Finnigan,  Cincinnati,  Ohio,  U.  S. 

149  BUILDING  STONE  FROM  BUENA  VISTA,  OHIO. 

Report, — Commended  for  the  good  color  and  fine  uniform  grain  of  the  stone. 


Amherst  Stone  Co.,  North  Amherst,  Ohio,  U.  S. 

150  SANDSTONE. 

Report, — Commended  for  the  uniform  and  attractive  color  and  the  homogeneous  texture 
of  the  stone. 

Berea  Stone  Co.,  Berea,  Ohio,  U.  S. 

151  SANDSTONE. 

Report, — Commended  for  the  uniformity  of  color  and  texture  and  the  strength  of  the 
stone. 


Norcross  Brothers  ft  Taylor,  East  Longmeadow,  Mass.,  U.  S. 

152  BROWN  SANDSTONE. 

Report. — Commended  for  the  good  quality  of  the  stone  exhibited,  as  regards  color  and 
texture. 


Norris  ft  Cumminga,  Bedford  Quarries,  I^awrence  County,  Ind.,  U.  S. 

153  BUILDING  STONE. 

Report, — Commended  for  the  massive  structure,  homogeneous  texture,  strength,  and  good 
color  of  the  stone  exhibited. 


John  Matthews  ft  Son,  EUetsville  Quarries,  Monroe  County,  Ind.,  U.  S. 

154  BUILDING  STONE. 

Report. — Commended  for  the  good  color,  homogeneous  grain,  and  strength  of  the  stone 
exhibited. 
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Maine  Red  Granite  Co.,  Calais,  Me.,  U.  S. 

155  RED  GRANITE  FROM  RED  BEACH,  CALAIS,  MAINE. 

Report, — Commended  for  the  pleasing  color,  soundness,  and  good  polish  of  the  material 
exhibited. 


Maine  Slate  Co.,  Skowhegan,  Me.,  U.  S. 

156  SLATE  FROM   SKOWHEGAN,  MAINE. 

Report. — Commended  for  the  variety  of  the  exhibit,  and  the  good  color,  strength,  and 
homogeneousness  of  the  material. 

Butterfield  &  Smith,  Cambridgeport,  Vt.,  U.  S. 

157  STEATITE. 

Report. — Commended  for  the  magnitude  of  the  exhibit  and  the  good  quality  of  the 
material. 


Burlington  Manufacturing  Co.,  Burlington,  Vt.,  U.  S. 

158  MORIAH  MARBLE. 

Report. — Commended  for  the  attractive  color  and  homogeneous  texture  of  the  mottled 
verd-antique  which  they  exhibit  under  the  above  name. 


T.  T.  Bouv6,  Boston,  Mass.,  U.  S. 

159  POLISHED  PORPHYRIES  FROM  MASSACHUSETTS. 

Report. — A  large  and  unique  collection  of  polished  specimens  of  porphyry  from  Massa- 
chusetts, some  having  much  beauty  and  capable  of  being  used  as  ornamental  stones. 


Marcus  Bossier,  Dayton,  Ohio,  U.  S. 

160  BUILDING  STONE. 

Report. — Commended  for  the  magnitude  of  the  exhibit  and  excellent  quality  of  the  stone. 


George  Barney  &  Son,  Swanton,  Vt.,  U.  S. 

161  COLORED  MARBLES. 

Report. — Commended  for  the  variety  and  beauty  of  the  collection  of  marbles  exhibited. 


Emanuel  Zxnk,  Salem,  Washington  County,  Ind.,  U.  S. 

162  BUILDING  STONE  (OOLITIC  LIMESTONE). 

Report. — Commended  for  the  good  color  and  uniform  texture  of  the  stone  exhibited. 


Joel  P.  Lightner,  San  Francisco,  Cal.,  U.  S. 

163  GOLD  AND  SILVER  ORES. 

Report. — A  large  and  valuable  exhibit  of  gold  and  silver  ores  from  Idaho,  California, 
and  Nevada.  ^ 

H.  Bradford,  Philadelphia,  Pa.,  U.  S. 

164  QUARTZ  ROCK. 

Report, — An  exhibit  of  rock  material  for  use  in  the  manufacture  of  pottery,  white  porce- 
lain,  etc. 


GROUP  I,  423 

Heniy  Barker  ft  Sons,  Quincy,  Mass.,  U.  S. 

165  PEDESTALS  OP  CAPE  ANN  AND  QUINCY  GRANITE. 

Report, — Commended  for  good  quality  of  material. 


Belknap  ft  Co.,  Bowling  Green,  Ky.,  U.  S. 

166  OOLITIC  LIMESTONE. 

Report, — Commended  for  the  good  color  and  homogeneous  texture  of  the  stone,  and  the 
facility  with  which  it  is  worked. 


J.  H.  Brinton,  Thomburg,  Pa.,  U.  S. 

167  BLOCK  AND  VASES  OF  SERPENTINE  FROM  BRANDYWINE,  PA. 

Report. — Commended  for  good  color  and  texture  of  material  and  good  workmanship  of 
articles  exhibited. 

Burt  Freestone  Co.,  Marquette,  Mich.,  U.  S. 

168  SANDSTONE. 

Report. — Commended  for  the  good  color  and  texture  of  the  stone. 


Robert  Quire,  Pres't  Benson  Creek  Quarry  Co.,  Benson  Creek,  Ky.,  U.  S. 

169  BLUISH-GRAY  MOTTLED  UMESTONE. 

Report. — Commended  for  the  6ne  homogeneous  texture,  pleasing  color,  and  strength  of 
the  stone. 

Chapman  Slate  Co.,  Bethlehem,  Pa.,  U.  S. 

170  SLATE. 

Report, — Commended  for  the  variety  of  the  exhibit  and  good  quality  of  the  material. 


C.  H.  Chandler,  Brownsville,  Me.,  U.  S. 

171  ROOFING  SLATE. 

Report, — Commended  for  the  good  quality  of  the  slate. 


Pennsylvania  Marble  Co.,  Philadelphia,  Pa.,  U.  S. 

172  BLACK  MARBLE  FROM  LYCOMING  CO.,  PA. 

Report. — Commended  for  the  fine  black  color,  the  homogeneity,  strength,  and  fine  polish 
of  the  marble  exhibited. 


Perry  Bros.,  EUetsville,  Ind.,  U.  S. 

173  BUILDING  STONE. 

Report, — Commended  for  the  good  color  and  texture  of  the  stone  exhibited. 


B.  Mortimer  Bsre,  Wilmington,  Del.,  U.  S. 

174  VERD- ANTIQUE  MARBLE  FROM  HARFORD  COUNTY,  MD. 

Report. — Commended  for  the  magnitude  and  variety  of  the  exhibit  and  good  texture  and 
color  of  the  material. 
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T.  H.  King,  Trumansburg,  N.  Y.,  U.  S. 

175  SLABS  OF  BLUESTONE  FLAGGING. 

Report, — Commended  for  the  large  size  of  the  slabs,  their  smoothness  of  snrfaoe,  and 
strength. 

Knoxville  Marble  Co.,  Knoxville,  Tenn.,  U.  S. 

176  COLORED  MARBLE   FROM   KNOXVILLE,  TENN. 

Report. — Commended  for  the  magnitude  of  the  exhibit,  the  pleasing  color,  uniform  and 
compact  texture,  and  high  polish  of  the  material. 


E.  D.  Dougherty,  Doughertyville,  Hawkins  County,  E.  Tenn.,  and  Philadelphia, 

Pa.,  U.  S. 

177  COLORED  MARBLE. 

Report. — Commended  for  the  extent  and  variety  of  the  exhibit,  the  beauty  of  color,  bril- 
liancy and  uniformity  of  polish,  homogeneity,  and  strength  of  the  material. 


John  Evans,  Morrison,  Jefferson  County,  Col.,  U.  8. 

I7S  BUILDING  STONE. 

Report. — Commended  for  the  good  color  and  texture  of  the  blocks  of  red  and  white  sand- 
^tone  exhibited. 

F.  K.  Field,  Baltimore,  Md.,  U.  S. 

179  BLUESTONE  FOR  FLAGGING. 

Report. — ^Conomended  for  the  variety  of  the  exhibit  and  the  excellence  of  the  <*  New 
York"  bluestone  flagging  contained  in  it. 


Finch,  Pruyn,  &  Co.,  Glen  Falls,  N.  Y.,  U.  S. 

180  BLACK    MARBLE. 

Report. — Conomended  for  the  good  color,  polish,  and  texture  of  the  marble  exhibited. 


The  Forest  City  Stone  Co.,  Cleveland,  Ohio,  U.  8. 

181  FLAGGING  STONE. 

Report. — Conmiended  for  the  good  color,  fine  uniform  grain,  and  strength  of  the  stone, 
and  its  general  fitness  for  the  purposes  for  which  it  is  employed* 


Sheldon  ft  Slosson,  West  Rutland,  Vt.,  U.  S. 

182  BLOCK  OF  STATUARY  MARBLE. 

Report. — Conmiended  for  the  dimensions — ^  4^  X  4**  ^  X  6* — ^*  P'"*  cxilor  and 
homogeneous  texture  of  the  block  of  statuary  marble  exhibited. 


Qeorge  Sintx,  Springfield,  Clarke  County,  Ohio,  U.  S. 

183  BUILDING  STONE. 

Report. — Commended  for  the  uniform  texture,  good  color,  and  strength  of  the  stone  ex- 
hibited. 


GROUP  I.  42s 

Ripley  Sons,  Centre  Rutland,  Vt.,  U.  S. 

1S4  SLABS  OP  SAWED  AND  FOUSHED  MARBLE  FROM  WEST  RUTLAND,  VT. 

Repori. — Commended  for  the  magnitude  and  variety  of  the  exhibit,  the  good  quality  of 
the  marble,  and  the  excellence  of  the  workmanship. 


Bdwards  ft  Roberts  Ore  Bonk,  Buckingham  County,  Va.,  U.  S. 

185  ROOFING  SLATE. 

Report. — Commended  for  the  good  color,  fine  and  uniform  grain,  regular  cleavage, 
smooth  surfaces,  and  strength  of  the  slate  exhibited. 


David  Read,  Burlington,  Vt.,  U.  S. 

186  COLORED  MARBLE. 

Report. — Commended  for  the  variety  and  beauty  of  the  unique  and  local  collection  of 
colored  marbles  exhibited. 

Reed  ft  Benson  Mine,  Big  Cottonwood  District,  Utah,  U.  S. 

187  SILVER-LEAD  ORES. 

Report. — ^A  large  and  valuable  exhibit  of  silver-lead  ore,  and  samples,  in  bottles,  and  bar 
of  lead  bullion,  from  Big  Cottonwood  District,  Utah. 


A.  Durenne,  Paris,  France. 

188  MONUMENTAL  FOUNTAIN. 

Report. — Commended  for  excellent  quality  of  castings. 


189   Solenhofen  Joint  Stock  Co.,  Solenhofen,  Bavaria,  Germany. 

STONE  TILES  FOR   MALT-HOUSE  FLOORS,  AND  LITHOGRAPHIC  STONES. 

Report. — Commended  for  superior  quality  and  veiy  large  size. 


Pietro  Tassi,  Leghorn,  Italy. 

190  POLISHED  SLABS  OF  MARBLE  AND  ALABASTER. 

Report, — Commended  for  the  fine  quality  of  the  marble  and  alabaster  exhibited. 


Raffaelo  Jacobini,  Rome,  Italy. 

ign  COLLECTION  OF  ANCIENT  ITALIAN  MARBLES. 

Report. — Commended  for  the  magnitude  of  the  exhibit,  which  consists  of  specimens  of 
one  hundred  varieties  of  antique  marbles  taken  from  the  excavations  at  Rome,  and  the 
care  and  good  taste  shown  in  its  preparation. 


Fontana  Brothers,  Lusema  (Turin),  Italy. 

192  SLABS  OF  BANDED  QUARTZITB. 

Report. — Commended  for  the  strength  and  beauty  of  the  material. 


Chamber  of  Commerce  and  Art,  Siena,  Italy. 

193  MARBLES   AND  ALABASTER   FROM  SIENA. 

Report. — Commended  for  the  variety  and  beauty  of  the  marbles  exhibited. 


.26  REPORTS  ON  AWARDS. 

Carlo  Manassi  &  Bros.,  Milan,  Italy. 

194  TWO  BLACK  MAKBLE  TABLE  TOPS. 

Report, — Commended  for  the  pure  black  color  and  fine  uniform  texture  of  the  marble. 


Francis  Tomei  Albiani,  Pietra  Santa  (Lucca),  Italy. 

195  COLLECTION  OF  MARBLE  SLABS. 

Report, — Commended  for  good  quality  and  variety  of  marbles. 


Imperial  Commission  of  Japan,  Tokio,  Japan. 

196  COLLECTION  OF  BUILDING  STONES. 

Report, — Commended  for  the  magnitude  and  symmetry  of  the  collection,  its  representa 
tive  character,  and  the  care  and  good  taste  with  which  it  has  been  prepared. 


Jos6  Julian  Gutierrez,  City  of  Mexico. 

197  STALAGMITIC  LIMESTONE  (MEXICAN  ONYX). 

Report, — Commended  for  the  variety  and  beauty  of  the  colors,  the  hardness  and  high 
polish  of  the  material,  and  its  wide  range  of  adaptation  to  ornamental  purposes. 


Tbv.  Moestue  &  Co.,  Christiania,  Norway. 

198  SLATES   FROM  SOUTHERN   NORWAY. 

Report. — Commended  for  the  variety  and  general  good  quality  of  the  slates  exhibited. 


Georg  Lilttensee,  Christiania,  Norway. 

199  STONE  FOR   PAVEMENT  AND  CURBS. 

Report, — Commended  for  the  good  quality  of  the  stone  and  its  adaptation  to  the  purposes 
for  which  it  is  used. 

Saxfjord  Slate  Works,  near  Troms5,  Norway. 

aOO  ROOFING  SLATE  AND  SLATE  TILES. 

Report, — Commended  for  the  good  quality  of  the  slate. 


Johan  Dahll,  Bamble,  Norway. 

201  APATITE. 

Report. — An  interesting  series  of  specimens  of  the  apatite  or  phosphate  of  lime,  mined 
at  Bamble,  in  Norway. 

Joaquim  Antunes  dos  Santos,  Lisbon,  Portugal. 

202  MARBLES,  WROUGHT  AND  PLAIN. 

Report, — Commended  for  the  variety  and  beauty  of  the  marbles,  and  the  good  workman- 
ship of  the  wrought  articles. 

Bureau  of  Mines,  Lisbon,  Portugal. 

203  WHITE  AND  COLORED  MARBLES  AND  BRECCIA. 

Report, — Commended  for  the  good  quality  of  the  marbles  forming  the  collection. 


GROUP  /.  427 

Department  of  Public  Works,  represented  by  the  Directions  of  the  Mondego  and 
Fif^eira  Bar  Works,  and  of  the  Public  Works  of  the  Districts  of  Coimbra, 
Leiria,  Aveiro,  Oporto,  Vizeu,  Braga,  and  Vianna  do  Castello. 

204  COLLECTION  OF  BUILDING  STONES. 

Ripori, — Commended  for  the  fullness  and  representative  character  of  the  collection. 
The  Vallongo  Slate  and  Marble  Quarries  Co.,  Vallongo,  Portugal. 

205  SLATE  SLABS,  ROOFING  AND  MARBLEIZED. 

Report, — Commended  for  the  variety  of  the  exhibit  and  the  good  quality  of  the  material. 

Antonio  Moreiro  Rato,  Lisbon,  Portugal. 

206  COLLECTION  OF  PLAIN   AND  WROUGHT  MARBLES. 

Report, — Commended  for  the  magnitude  and  variety  of  the  exhibit,  the  good  quality  of 
the  marbles,  and  good  workmanship  of  the  wrought  articles. 


G.  Jos6  de  Salles,  Lisbon,  Portugal. 

207  LARGE  SLABS  OF  WHITE  AND  COLORED  MARBLE. 

Report, — Commended  for  the  magnitude  of  the  exhibit  and  the  variety  and  beauty  of 
the  marbles. 


Hoessrich  ft  Woerffel,  St.  Petersburg,  Russia. 

208  ORNAMENTAL  STONES. 

Report, — A  remarkable  exhibition  of  malachite,  both  rough  and  polished ;  also  beautiful 
display  of  lapis-lazuli,  rhodonite,  and  labradorite. 

Municipality  of  Cabra,  Spain. 

209  SLAB  OF  POLISHED  COLORED  MARBLE. 

Report, — Commended  for  the  good  color  and  fine  uniform  texture  of  the  marble. 


Provincial  Institute  of  Mondonedo,  Spain. 

210  COLLECTIONS  OF  POLISHED  MARBLES. 

Report. — ^Commended  for  the  variety  and  good  quality  of  the  marbles  exhibited. 


Juan  Rubio  Perez,  Quejar,  Granada,  Spain. 

211  SLAB  OF  GREEN  SERPENTINE. 

Report, — Commended  for  the  good  color  and  texture  of  the  material. 


The  Provincial  Commission,  Villagalijo,  Burgos,  Spain. 

212  COLLECTION  OF  MARBLES. 

Report, — Commended  for  the  magnitude  of  the  collection  and  the  general  good  color 
and  texture  of  the  marbles. 

•  

Victor  Lopez  Seoane,  Ferrol,  Corufia,  Spain. 

213  COLLECTION  OF  GRANITE  BLOCKS. 

Report. — Commended  for  the  representative  character  of  the  collection  and  the  good 
quality  of  same  and  of  the  specimens  shown. 


Francisco  Daza  Ruiz,  Macael,  Spain. 

314  BLOCKS  OF  MARBLE. 

Report, — Commended  for  the  good  color  and  even  texture  of  the  marble  shown. 


428  REPORTS  ON  AWARDS, 

Jos6  Maria  Nu&es,  Cadis,  Spain. 

215  COLLECTION  OF  MARBLES. 

Report, — Commended  for  the  magnitude  of  the  collection  and  general  good  quality  of 
the  marble  shown. 


Angel  Gomex,  Canary  Islands. 

216  BUILDING  STONES  OF  VOLCANIC  ROCKS. 

Report. — Commended  for  the  representative  character  of  the  collecticm. 


Municipality  of  Salas,  Oviedo,  Spain. 

217  COLLECTION  OF  DEVONIAN   MARBLES. 

Report. — Commended  for  the  good  colors  and  fine  texture  of  the  marbles. 


C.  A.  Kullgren's  Widow,  Uddevalla,  Sweden. 

218  POLISHED  GRANITES. 

Report. — Commended  for  the  magnitude  and  variety  of  the  exhibit,  the  good  quality  of 
the  material  and  workmanship  of  the  articles  exhibited. 


Gottfried  Berg,  Elfdalen,  Sweden. 

219  WROUGHT  PORPHYRY,   HEPATITE,   CONGLOMERATE,  ETC 

Report. — Commended  for  the  variety  and  extent  of  the  exhibit,  the  excellence  of  the 
workmanship,  and  the  beaut)'  of  the  materials. 


Pen-yr-Orsedd  Slate  Quarry  Co.  (Limited),  Carnarvon,  North  Wales. 

220  SLATE. 

Report. — Commended  for  the  variety  of  exhibit  and  excellence  of  material. 


Cwmorthin  Slate  Co.  (Limited),  Port  Madoc,  North  Wales. 

221  ROOFING  SLATES. 

Report. — Commended  for  the  excellent  quality  of  the  slates  exhibited. 


John  Young,  Sydney,  New  South  Wales,  Australia. 

222  BLOCKS  OF  MARBLE  AND  GRANITE. 

Report. — Conmiended  for  the  good  quality  of  the  building  stones  exhibited. 


T.  Browne,  West  Maitland,  New  South  Wales,  Australia. 

223  BLOCKS  OF  SANDSTONE. 

Report, — Commended  for  the  good  quality  of  the  stone. 


A.  MacDonald,  Field,  &  Co.,  Aberdeen,  Scotland. 

224  GRANITE  MONUMENTS. 

Report, — Commended  for  the  good  quality  of  the  stone  and  the  workmanship  of  the 
objects  exhibited. 


GROUP  I.  ^g 

James  Hunter,  Aberdeen,  Scotland. 

2a5  GRANITE  MONUMENT. 

Report, — Commended  for  the  excellence  of  material  and  good  workmanship  of  the 
aitide  exhibited. 

Qreat  North  of  Scotland  Granite  Co.  (Limited),  Peterhead,  Scotland. 

226  PEDESTAL  AND  VASE  OF  RED  GRANITE. 

Report. — Commended  for  the  excellence  of  material  and  the  good  workmanship  of  the 
articles  exhibited. 


Betsbiook  Granite  Works,  Bessbrook,  Ireland. 

227  GRAY  GRANITE  MONUMENTS. 

Report, — Commended  for  the  good  color,  the  strong  and  uniform  texture  of  the  stone, 
and  the  good  workmanship  of  the  monuments  exhibited. 


John  Rankin,  Actonvale,  Canada. 

228  COLLECTION  OF  COLORED  SLATES. 

Report, — Commended  for  the  good  quality  of  the  slates,  and  the  variety  of  colors,  red, 
green,  and  black,  which  they  exhibit. 


Hopewell  Quarry  Co.,  Hopewell,  New  Brunswick. 

229  SANDSTONE. 

Report, — Commended  for  the  good  color  and  uniform  texture  of  the  stone. 


Geo.  J.  McDonald  ft  Co.,  Comwallis,  Nova  Scotia. 

230  BUILDING  STONE. 

Report. — Commended  for  the  good  quality  of  the  material. 


Bay  of  Pundy  Red  Granite  Co.,  St.  George,  New  Brunswick. 

231  WROUGHT  RED  GRANITE. 

Report, — Commended  for  the  beauty,  homogeneity,  and  strength  of  the  material,  and  for 
the  high  polish  given  it. 

Danville  Slate  Co.,  Danville,  Quebec,  Canada. 

232  SLATE. 

Report. — Commended  for  the  variety  of  the  exhibit  and  the  good  quality  of  the  material. 


P.  T.  Somerville,  Amprior,  Canada. 

233  MONUMENTS  OF  DARK  CLOUDED  MARBLE  OF  ARNPRIOR. 

Report. — Conmiended  for  good  quality  of  material  and  workmanship  of  articles  exhibited. 


New  Rockland  Slate  Co.,  Montreal,  Canada. 

234     ROOFING  SLATE  AND  SLATE  SLABS  FROM  MELBOURNE,  CANADA. 

Report, — Commended  for  the  variety  and  extent  of  the  exhibit,  the  strength,  uniformity 
of  texture  and  surface,  and  purity  of  color  of  the  slate. 


430  REPORTS  ON  AWARDS, 

Robert  Forsyth,  Montreal,  Canada. 

235  RED  GRANITE  MONUMENTS,  ETC.,  FROM  GANANOQUE. 

Report, — Commended  for  the  variety  and  workmanship  of  the  objects  exhibited,  and  for 
the  good  color,  homogeneity,  and  strength  of  the  material. 


Daniel  ft  Boyd,  St.  John,  New  Brunswick. 

236  BLOCK  OF  FREESTONE. 

Report, — Commended  for  the  uniform  color  and  texture  of  the  stone. 


Dorchester  Union  Freestone  Co.,  Budreau,  N^w  Brunswick. 

237  BUILDING  STONE. 

Report, — Commended  for  the  uniform  texture,  good  color,  and  strength  of  the  stone 
exhibited. 


R.  S.  Crabb,  Adelaide,  South  Australia. 

238  BLOCK  OF  MALACHITE,  BURRA-BURRA  MINE. 

Report. — Commended  for  beauty  of  color  and  texture. 


P.  Ness,  Island  of  Bermuda,  West  Indies. 

239  BUILDING  STONES  OF  BERMUDA« 

Report. — Conomended  for  the  representative  character  of  the  collection,  and  the  adapta- 
tion of  the  stones  for  the  purposes  they  serve. 


Australian  Slate  Co.,  Tasmania. 

240  ROOFING  AND  SCHOOL  SLATES. 

Report, — Commended  for  good  quality  of  slate. 


W.  A.  Kermoda,  Mona  Vale,  Tasmania. 

241  BLOCKS  OF  SANDSTONE. 

Report. — Commended  for  the  good  quality  and  color  of  the  stone. 


Ch.  Nicaise  ft  Co.  and  Aug.  Gobert  Son,  La  Louviire,  Belgium. 

242  NUT  MACHINE. 

Report, — Commended  for  some  novel  and  good  features,  showing  considerable  ingenuity. 


George  Wm.  Gordon,  Boston,  Mass.,  U.  8. 

243  GLASS  SAND  FROM  CHESHIRE,  BERKSHIRE  COUNTY,  MASS. 

Report, — Commended  for  extreme  purity,  containing  over  99  per  cent,  silica;  gradation 
of  size  of  grains  suitable  for  various  uses,  particularly  as  a  glass  material. 


P.  H.  Patten,  Bath,  Me.,  U.  S. 

244   FELDSPAR  AND  QUARTZ  FOR  POTTERIES  AND  SANDPAPER  PURPOSES. 

Report, — Commended  for  an  exhibit  of  substances  specified. 


GROUP  L  421 

W.  A.  H.  Schreiber,  Philadelphia,  Pa.,  U.  S. 

245  CLAY,  KAOLIN,  FLINT,  SPAR,  AND  SAND  FOR  POTTERS. 

Report. — All  instructive  series  of  clays,  kaolin,  etc.,  burned  and  unbumed. 


Dr.  Chas.  D.  Pearson,  Indiana,  U.  8. 

246  CLAY  (INDIANAITB). 

Report. — Commended  for  the  good  quality  of  the  clay  and  the  magnitude  of  the  exhibit. 


Geo.  Such,  South  Amboy,  N.  J.,  U.  8. 

247  CLAYS. 

Report* — ^A  collection  of  clays  severally  suited  to  purposes  specified. 


J.  Lacey,  Hockessin,  Del.,  U.  S. 

248  KAOLIN. 

Report, — ^An  exhibit  of  kaolin  of  good  quality. 


Dr.  Jos.  Gardner,  Bedford,  Ind.,  U.  S. 

249  A  CLAY  (INDIANITB). 

Report. — Commended  for  the  good  quality  of  the  clay  and  the  magnitude  of  the  exhibit. 


J.  Park  Alexander,  Akron,  Ohio,  U.  S. 

250  CLAYS  AND  SAND  FOR  POTTERY. 

Report. — Commended  for  a  neat  exhibit  of  clays  and  sand. 


Madison  County  Pottery  Co.,  Richmond,  Ky.,  U.  S. 
25'  potter's  clay. 

Report. — ^An  exhibit  of  clay  of  good  quality  for  common  ware. 


Hampton  Cutter  ft  Sons,  Woodbridge,  N.  J.,  U.  S. 

252  CLAYS,  KAOLIN,  SAND. 

Report. — A  good  and  varied  exhibit  of  clays  and  sand. 


American  Kaolin  Co.,  New  Garden,  Pa.,  U.  S. 

255  KAOUN,  CLAY,  AND  SAND. 

Report. — An  extensive  and  instructive  exhibit  of  the  substances  specified. 


B.  Kreischer  ft  Son,  New  York,  N.  Y.,  U.  S. 

254  fire  clay  and  other  ciays. 

Report. — Commended  for  a  series  of  specimens  of  clay. 


Dover  Fire  Brick  Co.,  Canal  Dover,  Ohio,  U.  S. 

255  FIRE  CLAY. 

Report. — Commended  for  specimens  of  clay. 


.-2  REPORTS  ON  AWARDS, 

Paul  Dobel,  Boryslaw,  Qalicia,  Austria. 

256  ASPHALT. 

Report, — ^A  collection  of  asphalt  and  mineral  resin,  showing  excellent  quality  of  the 
material. 

Vorwohler  Asphalt  Works  (C.  A.  Rehder),  Eschershausen,  Brunswick,  Qennany. 

257  ASPHALT. 

Report, — Commended  for  asphaltic  rock,  and  quality  of  asphalt  and  mastic. 


Joh.  Adam  Schindel,  Solenhofen,  Bavaria,  Germany. 

258  LITHOGRAPHIC  STONES. 

Report, — Coomiended  for  excellent  quality  and  large  size. 


Qundlach  Bros.,  Qrossalmerode,  Hesse,  Germany. 

259  CLAYS  FOR  MAKING  GLASS  POTS  AND  CRVaBLES. 

Report. — ^An  interesting  series  of  clays  suited  to  the  purpose  mentioned. 


Oneglla  Quarries,  Oneglia,  Italy. 

260  LTTHOGRAFHIC  STONES. 

Report.-— Kn  assorted  series  of  stones  of  good  size  and  uniformity  of  texture  and  color. 


Board  of  Industry,  Commerce,  and  Agriculture,  Japan. 

261  CLAYS  FOR  POTTERY  AND  PORCELAIN. 

Report.-^K  veiy  interesting  series  of  clays  suited  to  the  purpose  specified. 


Delmege,  Reid,  ft  Co.,  Colombo,  Ceylon. 

262  GRAPHITE,  RAW  AND  PREPARED. 

Report, — Commended  for  purity  of  the  specimens  of  graphite  exhibited. 


John  Oakey  ft  Sons,  Wellington  Emery  Mills,  London,  England. 

263  EMERY  GRAIN  AND  FLOUR   EMERY. 

Report. — Commended  for  a  neat  series  of  manufactured  emery,  for  gr^ns  of  uniform  size 
with  sharp  edges,  and  for  flour  of  different  grades,  manufactured  by  the  exhibitor  from  the 
best  quality  of  Grecian  and  Turkish  emery. 


The  Grrays  Chalk  Quarries  Co.,  Grays,  Essex,  England. 

264.  CHALK  AND  CHALK  FLINT. 

Report, — An  interestitur  exhibit  of  chalk  and  chalk  flints. 


The  Star  Plate  and  Universal  Polishing  Powder  Co.  (Limited),  London* 

England. 

265  POLISHING  POWDER. 

Report, — Commended  for  the  good  quality  of  the  samples  exhibited. 


GROUP  I.  ^32 

Robt,  Dunn  ft  Co.,  St.  Austell,  Cornwall,  England. 

266  CLAYS, 

Report, — An  exhibit  of  good  clays  for  the  purposes  specified. 


Geo.  King  Harriaon,  Stourbridge,  England. 

267  FIRE  CLAYS. 

Report, — ^An  interesting  series  of  days,  showing,  among  other  things,  but  little  con- 
traction  after  being  heated, 

Ontario  Lithographic  Stone  Co.,  Marmora,  Ontario,  Canada. 

268  LITHOGRAPHIC  STONES. 

Report, — Commended  for  the  quality  of  the  material. 


John  Kelley,  Belleville,  Ontario,  Canada. 

269  LITHOGRAPHIC  STONES. 

Report. — ^An  exhibit  of  stones  of  good  texture  for  the  purposes  intended. 


Thot.  A.  Finlasrson,  Island  of  Trinidad,  West  Indies. 

270  ASPHALT. 

Report. — Commended  for  superior  quality  of  asj^alt. 


B.  J.  Peters,  President  of  the  Lithographic  Stone  Company,  Mt.  Sterling, 

Kentucky,  U.  S. 

271  LICKING  RIVER  LITHOGRAPHIC  STONE. 

Report. — Commended  for  good  quality,  equal  in  some  of  the  slabs  to  the  Solenhofen 
lithographic  stone. 

State  of  South  Carolina,  U.  S. 

272  MINERAL  PHOSPHATES. 

Report. — ^A  remarkable  exhibition  of  the  mineral  phosphates  of  South  Carolina. 


James  C.  Hand  ft  Co.,  Philadelphia,  U.  S. 

273  CORUNDUM  GRAINS  AND  FLOUR. 

Report, — Commended  for  grains  of  good  form  and  sharp  angles,  and  for  assorted  series 
of  grains  and  flour;  manufactured  by  the  exhibitors  from  Pennsylvania  corundum. 


Julius  Louis  ft  Bros.,  Jeffersonville,  Indiana,  U.  S. 

274  OIL  STONE. 

Report. — An  interesting  and  varied  series  of  good  finish,  manufactured  by  the  exhib- 
itors from  the  best  varieties  of  Arkansas  stone. 


Boyd  ft  Chase,  New  York,  N.  Y.,  U.  S. 

27s  OIL  STONES. 

Report, — ^A  very  complete  series,  of  many  forms  and  sizes  and  superior  finish ;  manufac< 
tured  by  the  exhibitors  from  the  best  varieties  of  Arkansas  stone. 

28 


434  REPORTS  ON  AWARDS, 

Lehigh  Whetstone  Co.,  Allentown,  Pa.,  U.  S. 

276  WHETSTONES. 

Report, — An  exhibit  of  whetstones  of  good  quality. 


J.  E.  Mitchell,  Philadelphia,  Pa.,  U.  S. 

277  GRINDSTONES  AND   FIXTURES. 

Report, — Commended  for  superior  finish,  and  varieties  and  sizes  of  exhibits,  mounted 
and  unmounted,  manufactured  by  exhibitor  from  materials  of  excellent  quality. 


Vitrified  Wheel  and  Emeiy  Co.,  Ashland,  Mass.,  U.  S. 

278  MANUFACTURED  EMERY  GRAIN  AND  FLOUR. 

Report, — A  graded  series  of  grains  and  flour  of  best  quality  of  Grecian  and  Tuzkish 
emery. 

Amherst  Stone  Co.,  Cleveland,  Ohio,  U.  S. 

279  GRINDSTONES. 

Report, — Conmiended  for  good  quality  of  material. 


J.  T.  Ames,  Chicopee,  Mass.,  U.  S. 

280  EMERY. 

Report, — An  interesting  and  complete  collection  of  the  emery  of  Chester,  Mass.,  with  its 
accompanying  rock  and  minerals. 

C.  W.  Jenks,  Jenks  Mine,  Macon  County,  N.  C,  U.  S. 

281  CORUNDUM. 

Report, — An  instructive  series  of  the  corundum  of  North  Carolina,  and  associated  min- 
erals. 

Washington  Mills  Emery  Manufacturing  Co.,  Ashland,  Mass.,  U.  S. 

282  EMERY  GRAINS  AND  FLOUR. 

Report, — A  graded  series  of  sharp  uniform  grains  and  flour,  manufactured  from  Turkish 
emery. - 

Worthington  &  Sons,  North  Amherst,  Ohio,  U.  S. 

283  GRINDSTONES,  SCYTHE  STONES,  AND   BUILDING  STONE. 

Report, — Commended  for  quality  of  grit  and  good  finish,  and  for  interesting  series  of 
graded  sizes;  also  for  the  uniform  attractive  color  and  the  homogeneous  texture  of  the 
sandstone. 

Alexander  Fauqueux,  Philadelphia,  Pa.,  U.  S. 

284  MILLSTONES. 

Report, — Commended  for  stones  of  good  finish,  and  for  good  quality  of  the  material  used 
in  their  manufacture. 


Ohio  River  Salt  Co.,  Pomeroy,  Ohio,  U.  S. 

285  SALT. 

Report, — Commended  for  good  quality  of  salt,  made  from  the  brines  of  Pomeroy. 
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B.  P.  Leet,  Churchill  County,  Nevada,  U.  S. 

286  8ALT  AND  SALTPETRE. 

Report, — ^An  interesting  exhibit  of  crystals  of  salt  and  saltpetre. 


Browning,  Churchill  County,  Nevada,  U.  S. 

287  CRUDE  SODA. 

Report, — ^An  interesting  and  valuable  exhibit  of  the  cmde  soda  of  Churchill  County. 


Central  Ohio  Salt  Co.,  Columbus,  Ohio,  U.  S. 

288  SALT. 

Report, — Commended  for  the  good  quality  of  the  salt,  made  from  the  brines  of  Athens 
County  and  the  Hocking  Valley. 

Commission  of  Andalgala,  Province  of  Catamarca,  Argentine  Republic. 

289  ROCK  SALT. 

Report, — Commended  for  the  good  quality  of  salt  exhibited. 


L.  DasBonville  de  St.-Hubert,  Namur,  Belgium 

290  MILLSTONES. 

Report. — Commended  for  the  size,  good  workmanship  displayed,  and  the  quality  of  the 
material  used  in  their  manufacture. 


Lithographic  Stone  Quarry  Co.,  Paris,  France. 

291  *  LITHOGRAPHIC  STONES. 

Report, — Commended  for  size,  quality  of  grain,  uniformity  of  texture,  and  extent  of 
exhibit. 

Roger,  Son,  &  Co.,  La  Ferti-sous-Jouarre,  Seine-et-Mame,  France. 

292  MILLSTONES. 

Report, — A  fine  display  of  millstones  of  good  material,  uniform  in  color  and  texture. 


Bailly  ft  Co.,  La  Fert6->BOus-Jouarre,  Seine-et-Mame,  France. 

293  MILLSTONES. 

Report, — An  exhibit  of  millstones  of  good  quality  and  construction,  and  an  instructive 
series  of  the  materials  from  which  they  are  manufactured. 


State  of  Kentucky,  U.  S. 

294  COAL. 

Report. — Commended  for  the  beautiful  exhibit  of  coals  from  this  State,  especially  the 
cannel  coal  and  open-burning  coal  from  the  eastern  portion  of  the  State,  well  adapted  for 
domestic  and  iron-smelting  purposes ;  and  the  steam  coals  of  the  Hawesville  district. 


Aubin  ft  Baron,  Paris,  France. 

295  A  BOLTING  MILLSTONE. 

Report, — Commended  for  ingenious  combination  of  bolting  apparatus  with  the  millstone. 


^j6  J^E PORTS  ON  AlVARDS, 

296  Royal  Inspection  of  Mines,  Stassfurt,  Germany. 

rcx:k  salt,  salts  of  potassium,  magnesium,  calcium,  and  boron. 

Report. — A  remarkable  exhibit  of  geological  maps  and  of  the  peculiar  minerals  of  the 
Stassfurt  salt  layer,  and  of  the  different  products  of  the  salt  mine,  delivered  from  the  exhib- 
itors at  a  low  price  for  public  use,  and  as  the  basis  for  many  prominent  branches  of  chemical 
industry. 

G.  Lindemann  &  Co.,  Stassfurt,  Germaiiy. 

297  POTASSIUM  CHLORIDE. 

Report, — ^A  very  pure  chloride  of  potassium. 


Israel  Bros.,  Dresden,  Saxony,  Germany. 

298  MILLSTONES. 

Report, — G>mmended  for  size  and  good  quality  of  the  material.    The  stones  are  manu- 
factured  from  one  piece. 

299  Nette,  Faulwasser,  &  Co.,  Stassfurt,  Germany. 

POTASSIUM  CHLORIDE,  CRYSTALLIZED  AND  CALaNED  MANURE  SALTS,  KAINITE. 

Report. — A  good  exhibit  of  puriBed  chloride  of  potassium. 


Stassfurt  Chemical  Works,  formerly  Vorster  ft  Qrtlneberg,  Stassfurt,  Qennany. 

300  POTASH  AND  POTASH  SALTS. 

Report, — Commended  for  the  scientific  and  technical  establishment  and  improvements  of 
the  processes  of  utiliziiig  the  Stassfurt  potash  deposits,  especially  the  manufacture  of  the 
sulphate  and  carbonate  of  potash  and  of  manure  salts. 


United  Chemical  Manufactories,  Stassfurt,  Germany. 

301  POTASH,  SODA,  AND  MAGNESIA  SALTS,  BROMINE. 

Report, — Commended  for  the  well-arranged  exhibit  of  the  special  products  from  the 
Stassfurt  rock  salt  and  potash  salts,  the  purity  of  these  products,  especially  of  the  bromine, 
chloride  of  potassium,  and  sulphate  of  sodium. 


Douglashall  Potassium  and  Rock  Salt  Mines,  Westeregeln,  Germany. 

302  ROCK  AND  COMMON  SALT,  SALT  CLAY,  MEDICAL  AND  MANURE  SALTS. 

Report, — A  very  interesting  collection  of  geological  maps,  of  different  specimens  of  min- 
eral salts,  and  of  the  derived  chemical  products. 


Zimmer  ft  Co.,  Chemical  Works,  Stassfurt,  Germany. 

303         CHLORIDE  OF  POTASSIUM,  MANURE  SALTS,  AND  KIESERITE. 

Report, — A  good  exhibit  of  chemical  products,  as  chloride  of  potassium  and  magnesium, 
sulphate  of  magnesia,  and  potash  manure. 


Cesena  Sulphur  Co.  (Limited),  Cesena,  Italy. 

304  RAW  AND  REFINED  SULPHUR. 

Report, — A  very  large  and  valuable  exhibit  of  raw  and  refined  sulphur. 
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General  Sanchez  Ochoa,  City  of  Mexico,  Mexico. 

305  NATIVE  SULPHUR. 

Report, — ^A  fine  exhibit  of  crude  sulphur,  from  the  volcano  of  Popocatepetl. 


Qottland  Qrindstone  Co.,  Burgsvik,  Sweden. 

306  GRINDSTONES. 

Report, — Grindstones  out  of  Gottland  sandstones,  of  different  sizes  and  grain,  mounted 
and  unmounted. 

Christiania  Millstone  Works,  Christiania,  Norway. 

507  MILLSTONES. 

Report, — Blillstones  of  good  finish,  manufactured  from  French  buhrstones. 


Fred.  Lonseth,  Christiania,  Norway. 

308  MILLSTONES. 

Report, — Commended  for  the  good  quality  of  the  material  used  in  the  manufacture,  and 
adaptability  to  the  purposes  intended. 


The  Tharsis  Sulphur  and  Copper  Co.,  Huelva,  Spain. 

309  SULPHUR  AND  COPPER. 

Report. — Commended  for  the  sample  presented  and  the  importance  of  the  works. 


Fratemidad  Society,  Bstremadura,  Spain. 

310  PHOSPHATE  OF  LIME. 

Report, — ^A  collective  exhibit  of  the  phosphate  of  lime  from  several  mines  worked  by 
the  Society,  representing  a  considerable  mining  industry. 


Duchess  of  Medinaceli,  Cardona,  Spain. 

311  ROCK  SALT. 

Report, — ^A  remarkable  collection  of  the  rock  salt  of  Cardona. 


Inspection  of  Mines,  Cayo  Diana  Mine,  Island  of  Cuba. 

312  ASPHALT. 

Report, — Commended  for  good  quality  of  asphalt. 


Salt  Owners'  Union,  Cadis,  Spain. 

313  SEA  SALT. 

Report. — Commended  for  sea  salt,  fine  quality,  large  productions,  and  low  price. 


Maestu  Asphaltic  Co.,  Vitoria,  Spain. 

314  ASPHALTIC  ROCK. 

Report, — Commended  for  good  quality  of  crude  and  refined  asphaltum. 


Cristobal  Bsteban,  Libros,  Teniel,  Spain. 

315  SULPHUR. 

Report. — Commended  for  the  good  quality. 
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Francisco  Fensandes  de  la  Calzada,  Caibarien,  Cuba. 

316  ASPHALT. 

Report, — ^A  good  display  of  asphalt. 


NeufchAtel  Asphalt  Co.  (Limited),  Val  de  Travers,  NeufchAtel,  Switzerland. 

317  ASPHALTIC  ROCK. 

Report. — Commended  for  the  superior  quality  of  its  asphalt. 


Kay  ft  Hilton,  Liverpool,  England. 

318  MILLSTONES  AND  SHELLING  STONES   FOR    RICE  HULLING. 

Report, — Commended  for  the  size  of  the  stones,  good  quality  of  finish,  and  character  of 
material  used  in  their  manufacture. 


T.  Higgin  ft  Co.,  Liverpool,  England. 

319  TABLE 'salt. 

Report. — Cominended  for  good  quality. 


Joseph  Qoodfellow,  North  Elk,  New  Brunswick. 

320  ONE  LARGE  GRINDSTONE. 

Report. — Commended  for  the  size  and  good  quality  of  the  grindstone  exhibited. 


Dominion  of  Canada  Plumbago  Co.,  Ottawa,  Ontario,  Canada. 

321     GRAPHITE  AND  PRODUCTS  MANUFACTURED  THEREFROM. 

Report. — Commended  for  an  exhibit  of  much  scientific  interest,  and  for  the  superior 
quality  of  crude  and  manufactured  graphite. 


A.  Seamen  ft  Co.,  Lower  Cove,  Nova  Scotia. 

322  GRINDSTONES. 

Report. — An  exhibit  of  stones,  mounted  and  unmounted,  of  good  quality. 


Gray,  Young,  ft  Sparling,  Eclipse  Well,  Seaforth,  Ontario,  Canada. 

323  REFINED  SALT. 

Report, — Commended  for  the  good  quality  of  the  various  grades  of  salt. 


Alexander  Cowan,  Brockville,  Canada. 

324  PHOSPHATE  OF  LIME,   PYRITES,   ETC. 

Report. — A  collection  of  pyrites,  apatite,  etc.,  illustrating  the  treatment  of  minend  pilot- 
phates. 

Coorong  Oil  and  Coal  Co.,  Adelaide,  South  Australia. 

325  AN  ASPHALT  CALLED  COORONGITE. 

Report. — Commended  for  a  material  used  in  manufacturing  mineral  oil,  paraffine,  etc 


Territory  of  Arizona,  U.  S.,  through  Governor  R.  C.  McCormick. 

326  SILVER,  LEAD,  AND  GOLD  ORES. 

Report, — A  good  collection  of  the  ores  of  the  Territory. 


GROUP  /.  435 

Territoryof  Montana,  U.  S.— Collected  byj.  P.  Woolman,  P.  A.  Largey,  and  others. 

327  SILVER-LEAD  AND  GOLD  ORES. 

Report, — ^A  good  collection  of  the  ores  of  the  Territory. 


State  of  Colorado,  U.  S. — Collected  by  Q.  Q.  Richmond  and  Stephen  Decatur. 

328  LEAD,  SILVER,  AND  GOLD  ORES. 

Report. — A  very  complete  exhibit  of  the  lead,  silver,  and  gold  ores  of  the  State  of 
Colorado. 

C.  8.  MUler,  SUver  City,  Idaho,  U.  S. 

329  GOLD  AND  SILVER  ORES. 

Report, — ^A  valuable  collection  of  gold  ores  from  the  South  Chariot  Mine,  and  large 
specimen  of  silver  ore  from  the  Leviathan  Mine. 


John  McNally,  Tuscarora,  Elko  County,  Nevada,  U.  8. 

330  GOLD  ORES. 

Report, — ^A  valuable  exhibit  of  gold  ores  from  the  Wide  West  Mine. 


J.  H.  Jackson,  Baker  City,  Oregon,  U.  8. 

331  GOLD  ORES. 

Report, — ^A  valuable  exhibit  of  gold  ores  from  the  Virtue  Mine. 


Bobtail  Mine,  Qilpin  County,  Col.,  U.  S. 

332  GOLD-BEARING  PYRITES. 

Report, — ^A  large  specimen  of  gold-bearing  copper  and  iron  pyrites. 


Walton  Qold  Mine,  Louisa  County,  Va.,  U.  8. 

333  '  GOLD-BEARING  QUARTZ. 

Report, — Commended  for  the  metallurgical  interest  of  the  samples. 


Briggs  Mine,  Gilpin  County,  Col.,  U.  S. 

334  GOLD  ORES. 

Report, — ^A  valuable  exhibit  of  gold-bearing  iron  and  copper  pyrites,  one  spedmen 
weighing  six  hundred  pounds. 

Samuel  Linton,  Silver  City,  Idaho,  U.  S. 

335  GOLD  ORBS. 

Report, — ^A  valuable  exhibit  of  the  ores  of  the  Golden  Chariot  Mine. 


Louis  Glass,  Cherokee,  Butte  County,  Cal.,  U.  S. 

336  GOLD  GRAVELS  AND  CEMENTS. 

Report, — ^A  valuable  exhibit  of  hydraulic  gold  gravels  and  cements. 


S.  T.  Hauser,  Helena,  Montana  Territory,  U.  S. 

337  PLACER  GOLD. 

Report, — A  large  and  interesting  display  of  Montana  placer  gold ;  forty  samples. 
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338  Miask  Gold  Mines,  Orenburg,  Russia. 

GOLD-BEARING  EARTH,  AND  DRAWINGS  OF  KOMARNITZKY'S  GOLD-WASHING  MACHINE. 

Report. — A  good  exhibit  of  clayey  gold-bearing  placer  eaith;  also  complete  drawings 
of  Komamitzky's  machine  for  washing  such  rebellious  matteis. 


W.  Letts  Oliver,  San  Francisco,  Cal.,  U.  S. 

339  GOLD  ORES. 

Report, — A  large  and  valuable  collection  of  gold  ores  from  the  Siena  Buttes,  Providence, 
Amador,  Black  Bear,  Plumas  Eureka,  and  Soulsby  Mines  of  California. 


T.  B.  Ludlum,  Supt.  Cedar  Creek  Gold  Mines  and  Water  Co.  (Limited),  Dutch 

Flat,  Cal.,  U.  S. 

340  GOLD  GRAVELS  AND  GOLD  CEMENTS. 

Report, — A  valuable  exhibit  of  the  hydraulic  gold  cements  and  gravels  of  California. 


V.  Q.  Bell,  French  Corral,  Nevada  Co.,  Cal.,  U.  8. 

341  GOLD  GRAVEL  AND  CEMENT. 

Report, — ^A  valuable  exhibit  of  gold  gravel  and  gold  cements. 


Bela  8.  Buell,  Buell  Gold  Mine,  Central  City,  Col.,  U.  S. 

342  GOLD  ORES. 

Report, — A  valuable  collection  of  gold  ores. 


E.  R.  Willis,  Pine  Grove  District,  Nevada,  U.  8. 

343  GOLD  ORES. 

Report,'-'A.  valuable  exhibit  of  the  gold  ores  of  Pine  Grove  District. 


T.  H.  Kleinschmidt,  Helena,  Montana,  U.  S. 

344  GOLD  CRYSTALS. 

Report, — ^A  particularly  interesting  exhibit  of  curious  forms  of  native  gold  and  gold  oys- 
tols;  one  hundred  samples. 

Leavitt  Mine,  Gilpin  County,  Col.,  U.  8. 

345  GOLD  ORES. 

Report, — A  valuable  exhibit  of  gold-bearing  iron  and  copper  pyrites;   one  specimen 
weighing  one  thousand  pounds. 

James  P.  Pierce,  San  Francisco,  Cal.,  U.  S. 

346  GOLD  GRAVELS  AND  CEMENTS. 

Report, — ^A  full  series  of  hydraulic  gravels  and  cements,  also  amalgam. 


James  A.  Pritchard,  San  Francisco,  Cal.,  U.  S. 

347  SILVER  ORES. 

Report, — A  valuable  collection  of  silver  ores  from  Walliqpai  District,  Arizona,  and  firom 
Panamint,  Cal. 

Hastings  ft  Co.,  Philadelphia,  Pa.,  U.  S. 

348  GOLD  LEAF  AND  DENTAL  FOIL. 

Report, — Commended  for  the  superiority  of  their  gold  leaf  and  dental  foil. 
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James  Q.  Fair,  Consolidated  Virginia  Mining  Co.,  Virginia  City,  Nevada,  U.  S. 

549  SILVER  ORES  ( GOLD-BEAR  I  NG). 

Report, — ^A  very  large  and  rich  exhibit  of  chloride,  stephanite,  and  silver  glance  ores  of 
the  Consolidated  Virginia  Mine,  Storey  County,  Nevada. 


T.  Q.  Taylor,  Virginia  City,  Nevada,  U.  8. 

350  SILVER  ORES  (GOLD-BEARING). 

Report. — A  valuable  exhibit  of  silver  ores  of  the  Yellow  Jacket  Mine,  Storey  County, 
Nevada. 

Melville  Curtis,  Austin,  Nevada,  U.  S. 

351  SILVER  BULLION,  SILVER  PULP,  ETC. 

Report, — A  valuable  and  interesting  exhibit  of  silver   amalgam,  bullion,  and  furnace 
pulp,  from  Stetefeldt  roasting  furnace. 


General  P.  Ed.  Conner,  Salt  Lake  City,  Utah,  U.  S. 

352  SILVER  ORES. 

Report, — A  laige  and  valuable  exhibit  of  Utah  silver  ores  (over  a  ton). 


Colonel  WilUam  M.  Johns,  Salt  Lake  City,  Utah,  U.  S. 

353  SILVER-LEAD  ORES. 

Report, — A  valuable  exhibit  of  silver-lead  ores  from  Yosemite  Mine,  Bingham  Cafion. 


Dr.  M.  J.  Goodfellow,  Cornucopia  District,  Nevada,  U.  S. 

354  SILVER  ORES. 

Report, — ^A  valuable  exhibit  of  silver  ores  from  the  Cornucopia  District. 


Gregory  Mine,  Gilpin  County,  Col.,  U.  S. 

355  GOLD-BEARING  PYRITES. 

Report, — Specimens  of  gold-bearing  iron  and  copper  pyrites,  weighing  two  thousand 
pounds. 

J.  Grimes,  Belmont,  Nevada,  U.  S. 

356  SILVER  ORES. 

Report, — A  valuable  exhibit  of  the  ores  of  the  Philadelphia  District 


T.  R.  Butler,  Pioche,  Nevada,  U.  S. 

357  SILVER  ORES. 

Report, — ^An  interesting  and  valuable  exhibit  of  the  silver  ores  of  the  Pioche  Mine. 


Geo.  B.  Clarke,  Reveille  District,  Nevada,  U.  S. 

35^  SILVER  ORES. 

Report, — A  valuable  exhibit  of  the  hom-silver  ores  of  Reveille  District. 


Coldstream  Mine,  Clear  Creek  County,  Col.,  U.  S. 

359  SILVER-LEAD  ORES. 

Report, — A  valuable  exhibit  of  silver-lead  ores. 
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J.  J.  Corrigan,  Eureka,  Nevada,  U.  S. 

360  SILVER-LEAD  ORES   (GOLD-BEARING). 

Report, — ^A  valuable  exhibit  of  the  silver4ead  ores  of  the  Richmond  Mine ;  also,  bar 
of  lead  bullion. 

Allen    A.    Curtis,  Superintendent   of   Manhattan  Silver  Mining  Co.,  Austin, 

Nevada,  U.  S. 

361  SILVER  ORES. 

Report, — ^A  particularly  large  and  rich  exhibit  of  ruby  silver  ores  from  Manhattan  Silver 
Mining  Co.  and  from  Reese  River  Mining  District;  also  for  a  rich  specimen  of  native  silver 
from  the  Belmont  Mine. 

S.  T.  Curtis,  Virginia  City,  Nevada,  U.  S. 

362  SILVER   ORES   (GOLD-BEARING). 

Report, — ^A  valuable  exhibit  of  silver  ore  from  the  Ophir  Mine,  Storey  County,  Nevada. 


J.  C.  Fall,  UnionviUe,  Nevada,  U.  S. 

363  SILVER  ORES. 

Report, — ^A  valuable  exhibit  of  Humboldt  County  ores. 


Pocahontas  Mining  Co.,  Rosita,  Fremont  County,  Col.,  U.  S. 

364  SILVER  ORES. 

Report, — ^A  laige  and  valuable  exhibit  of  silver  ores. 


Jos.  W.  Trask,  Austin,  Nevada,  U.  S. 

365  SILVER  ORES. 

Report. — A  valuable  exhibit  of  native  silver  and  ruby  silver  specimens  from  Yankee 
Blade  District. 

W.  H.  Allen,  Belleville,  Nevada,  U.  S. 

366  SILVER  ORES. 

Report, — ^A  large  and  valuable  exhibit  of  the  ores  of  the  Northern  Belle  Mine. 


John  Lambert,  Virginia  City,  Nevada,  U.  S. 

367  SILVER   ORES   (GOLD-BEARING).  * 

Report. — A  valuable  exhibit  of  gold  and  silver  ores  from  the  Sierra  Nevada  Mine, 
Storey  County,  Nevada. 

James  B.  Haggin,  Eureka,  Nevada,  U.  S. 

368  SILVER-LEAD  ORES   (GOLD-REARING). 

Report, — A  full  and  valuable  exhibit  of  silver-lead  ores ;  also,  bar  of  lead  bullion,  and 
furnace  slags  of  the  K.  K.  Mine. 

John  Catalow.  Silver  City,  Idaho,  U.  S. 

369  SILVER-GOLD  ORES. 

Report, — A  valuable  collection  of  silver-gold  ores  from  the  Oro  Fino  and  Home  Resort 
Mines. 
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I.  S.  Waterman,  PhUadelphia,  Pa.,  U.  S. 

370  SILVER-LEAD  ORE. 

Report, — Two  large  specimens  of  silver-lead  ore  from  the  Hidden  Treasure  Mine  of  Utah. 


Walker  Bros.,  Salt  Lake  City,  Utah,  U.  8. 

371  SILVER-LEAD  ORES. 

Report, — ^A  valuable  collection  of  silver  and  silver-lead  ores  from  Little  Cottonwood  and 
Ophir  Districts. 

L.  J.  Hanchett,  Belmont,  Nevada,  U.  S. 

372  SILVER  ORES. 

Report, — ^A  valuable  exhibit  of  silver  ore  from  the  Jefferson  Mine ;  also  a  very  large  and 
valuable  specimen  of  the  telluret  of  silver  from  the  Prussian  South  Mine. 


Charles  G.  Heath,  Hiko,  Lincoln  County,  Nevada,  U.  S. 

373  SILVER  ORES  AND  ROCK  SALT. 

Report, — A  valuable  exhibit  of  the  silver  ores  of  Pahranagat  Mining  District,  and  an 
interesting  display  of  native  rock  salt. 


Hercules  and  Roe  Mine,  Clear  Creek  County,  Col.,  U.  S. 

374  SILVER-LEAD  ORES. 

Report, — A  laige  and  valuable  exhibit  of  silver-lead  ores  carrying  ruby  and  brittle  silver. 


John  Howell,  Oneota  District,  Nevada,  U.  S. 

375  SILVER  ORES. 

Report, — ^A  valuable  exhibit  of  the  silver  ores  of  the  Oneota  District ;  also  a  large  and 
rich  specimen  of  silver-lead  ore. 

Captain  F.  H.  Hoskins,  Mineral  Hill,  Nevada,  U.  S. 

yj^  SILVER  ORES. 

Report, — A  valuable  exhibit  of  the  silver  ores  of  the  Mineral  Hill  District. 


J.  B.  Hudson,  Tybo,  Nevada,  U.  8. 

377  SILVER-LEAD  ORES. 

Report. — ^A  valuable  exhibit  of  the  silver-lead  ores  of  Tybo  District. 


Idaho  Mine,  Boulder  County,  Col.,  U.  S. 

378  SILVER  ORES. 

Report, — A  large  and  valuable  specimen  of  free  silver  ore,  weighing  seventeen  hundred 
pounds. 

Dolly  Varden  Mine,  Park  County,  Col.,  U.  S. 

379  SILVER   ORES. 

Report, — ^Two  large  and  valuable  specimens  of  silver  ore,  weighing  together  two  thou- 
sand pounds. 


AAA  REPORTS  ON  AlVARDS. 
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Henxy  Donnelly,  Virginia  City,  Nevada,  U.  S. 

380  SILVER  ORES  (GOLD- BEARING). 

Report. — ^A  valuable  exhibit  of  ores  of  the  Belcher  Mine ;  also  a  collection  of  the  vari- 
ous Comstock  ores  and  country  rock. 


Captain  F.  Drake,  Hamilton,  Nevada,  U.  8. 

381  SILVER  ORES. 

Report. — A  valuable  exhibit  of  the  silver  ores  of  Treasure  Hill. 


Kbngsberg  Silver  Mine,  Norway. 

382  NATIVE  SILVER. 

Report. — ^A  carious  and  valuable  exhibit  of  native  silver,  silver  bar,  and  granulated 

silver. 

Miguel  Rul,  City  of  Guanajuato,  Mexico. 

383  SILVER  ORES. 

Report. — ^A  beautiful,  valuable,  and  well-arranged  exhibit  of  silver  ores. 


Real  del  Monte  Co.,  Pachuca,  Mexico. 

384  SILVER  ORES. 

Report. — A  valuable  and  interesting  exhibit  of  rich  silver  ores. 


Old  Telegraph  Mining  Co.,  Bingham  Caflon,  Utah,  U.  S. 

385  SILVER-LEAD  ORES. 

Reports — ^A  valuable  exhibit  of  silver-lead  ores  of  Bingham  Cafion. 


B.  B.  Minor,  San  Francisco,  Cal.,  U.  S. 

386  SILVER  AND  GOLD  ORES. 

Report* — ^A  valuable  exhibit  of  silver  ore  from  Wallapai  District,  Arizona,  and  a  valua- 
ble collection  of  gold  ores  from  California. 


Shoebridge  Mining  Co.,  Capt.  Jas.  A.  Lusk,  Supt.,  Silver  City,  Juab  Co.,  Utah,  U.  S. 

387  SILVER  ORES. 

Report. — A  valuable  exhibit  of  silver  ores  from  Zintic,  Utah. 


Captain  R.  Bledsoe,  Consolidated  South  Mountain  Mining  and  Smelting  Co., 

South  Mountain,  Idaho,  U.  S. 

388  SILVER-LEAD  ORES  (GOLD-BEARING). 

Report. — A  large  and  valuable  collection  of  South  Mountain  ores,  and  bar  of  lead  bullion 


D.  H.  Bentley,  Salt  Lake  City,  Utah,  U.  S. 

389  SILVER  ORES. 

Report. — A  valuable  collection  of  silver  ores  from  many  mining  districts  of  Utah. 
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W.  T.  Barbee,  Leeds,  Uuh,  U.  S. 

390  SILVER  OKX. 

Report, — ^An  exceedingly  curious,  rich,  and  rare  exhibit  of  horn  silver,  occurring  in  sand- 
stone carrying  dicotyledonous  fossil  plants,  from  the  Tecumseh  Mine,  Harrisburg  Mining 
District. 

CapUin  H.  H.  Day,  Pioche,  Nevada,  U.  S. 

391  SILVER   ORES. 

Report, — ^A  valuable  exhibit  of  the  silver  ores  of  the  Raymond  and  Ely  Mine. 


W.  Harris,  Michigan,  U.  8. 

392  NATIVE  SILVER  AND  COPPER. 

Report, — A  valuble  exhibit  of  native  silver  and  native  copper. 


A.  J.  Corey,  Michigan,  U.  S. 

393  NATIVE  SILVER. 

Report, — ^A  valuable  exhibit  of  native  silver  from  the  Lake  Superior  copper  mines. 


Pelican  Mine,  Clear  Creek  County,  Col.,  U.  S. 

394  SILVER-LEAD  ORES. 

Report, — A  large  and  valuable  exhibit  of  the  silver-lead  ores  of  the  Pelican  Mine ;  also 
a  laige  mass  of  ore,  weighing  four  thousand  five  hundred  pounds,  showing  the  vein 
formation. 

J.  A.  Myrick,  Virginia  City,  Nevada,  U.  S. 

395  SILVER  ORES  (GOLD-BEARING). 

Report. — A  valuable  exhibit  of  silver  ores  of  the  Overman  Mine. 


M.  F.  Randolph,  Morey  District,  Nevada,  U.  S. 

396  SILVER  ORES. 

Report, — ^A  valuable  and  interesting  exhibit  of  ruby  silver  ores  from  Morey  District. 


Printer  Boy  Mine,  Lake  County,  Col.,  U.  S. 

397  GOLD  ORES. 

Report, — ^A  valuable  exhibit  of  native  gold. 


S.  Wenban,  Cortex  Mining  District,  Nevada,  U.  S. 

398  SILVER-LEAD  ORES. 

Report, — ^A  valuable  exhibit  of  the  silver-lead  ores  of  Cortez  District. 


Wm.  Willis,  San  Francisco,  Cal.,  U.  S. 

399  SILVER  ORES. 

Report, — A  valuable  exhibit  of  Belmont  ores  of  Nye  County,  Nevada ;  also  a  valuable 
exhibit  of  Idaho  silver  ores. 
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Theodore  Winters,  Virginia  City,  Nevada,  U.  S. 

400  SILVER  ORES  (GOLD- BEARING). 

Report, — A  small,  though  very  rich,  exhibit  of  native  silver  and  sulphuret  of  silver,  from 
the  Mexican  Mine. 

Tho«.  Wren,  Eureka,  Nevada,  U.  S. 

401  SILVER-LEAD  ORES. 

Report, — ^A  valuable  display  of  the  silver-lead  ores  from  the  base  of  Treasure  HilL 


Dives  Mine,  Clear  Creek  County,  Col.,  U.  8. 

402  SILVER-LEAD  ORES. 

Report. — ^A  very  large  and  valuable  exhibit  of  silver-lead  ores,  one  specimen  weighing 
three  thousand  one  hundred  and  forty  pounds. 


W.  B.  Welles,  Salt  Lake  City,  Utah,  U.  8. 

403  SILVER-LEAD  ORES. 

Report, — A  valuable  collection  of  the  silver-lead  ores  of  Little  Cottonwood. 


Henry  Balch,  Virginia  City,  Nevada,  U.  S. 

404  SILVER  ORES   (GOLD-BEARING). 

Report, — A  very  large,  rich,  and  fully-assayed  exhibit  of  Crown  Point  ores. 


Baxter  Mine,  Clear  Creek  County,  Col.,  U.  8. 

405  SILVER- LEAD  ORES. 

Report, — A  large  and  valuable  exhibit  of  silver-lead  ores,  weighing  three  thousand  pounds. 


John  W.  Mackay,  Virginia  City,  Nevada,  U.  S. 

406  SILVER  ORES   (GOLD-BEARING). 

Report, — ^A  very  large  and  particularly  valuable  exhibit  of  the  silver  ores  of  the  Con- 
solidated Virginia  and  California  Mines  of  Storey  County,  Nevada. 


Adam  McLean,  Belmont,  Nevada,  U.  8. 

407  SILVER  ORES. 

Report, — A  valuable  exhibit  of  horn  silver  specimens  from  Philadelphia  District 


J.  W.  Gashweiler,  San  Francisco,  Cal.,  U.  8. 

408  SILVER  AND  GOLD  ORES. 

Report, — ^A  valuable  collection  of  silver  ores  from  White  Pine ;  also  a  remarkable  col- 
lection of  California  gold  ores. 

John  R.  Frink,  San  Francisco,  Cal.,  U.  S. 

409  SILVER  ORES,  VALENTINE  MINE. 

Report, — ^A  valuable  exhibit  of  silver  ores  from  Inyo  County. 


GROUP  /.  447 

R.  C.  Chambers,  Salt  Lake  City,  Utah,  U.  S. 

410  SILVER  ORES. 

Report,^K  valuable  collection  of  Utah  silver  ores  from  the  Ontario  Mine,  Parley  Park 
Mining  District,  Utah. 


Heniy  Auer,  Philadelphia,  Pa.,  U.  S. 

411  SILVER  LEAP. 

Report, — Commended  for  the  excellent  quality  and  finish  of  silver  leaf. 


Sherman  Mining  Co.,  Caribou,  Boulder  Co.,  Col.,  U.  S. 

412  SILVER-LEAD  ORES. 

Report, — A  valuable  exhibit  of  the  silver-lead  ores  of  the  Sherman  Mine,  and  three  large 
pieces  of  ore,  weighing  about  two  thousand  pounds. 


John  Shaw,  Eureka,  Nevada,  U.  S. 

413  SILVER-LEAD  ORES   (GOLD-BEARING). 

Report, — ^A  very  full  and  valuable  exhibit  of  the  silver-lead  ores  of  the  Eureka  Con* 
solidated  Mine ;  also  a  bar  of  lead  bullion ;  also  large  exhibit  of  molybdate  of  lead. 


Moose  Mine,  Park  County,  Col.,  U.  S. 

414  SILVER  ORES. 

Report, — ^A  large  and  valuable  specimen,  showing  the  vein-formation,  and  weighing 
three  thousand  five  hundred  pounds. 


S.  L.  Jones,  Virginia  City,  Nevada,  U.  S. 

415  SILVER  ORES  (GOLD-BEARING). 

Report, — A  valuable  exhibit  of  silver  ores  of  the  Crown  Point  Mine. 


Albert  Mack,  Benton,  Monroe  County,  Cal.,  U.  S. 

416  SILVER  ORES,  COMANCHE  MINE. 

Report, — ^A  valuable  display  of  silver  ore  from  Monroe  County,  Cal. 


J.  C.  Lennon,  Silver  City,  Idaho,  U.  S. 

417  SILVER-GOLD  ORES. 

Report, — ^A  valuable  collection  of  silver-gold  ores  from  the  Silver  Cord  Mine. 


Government  of  Chili,  Santiago. 

4*8  kr5huke*s  system  of  silver  reduction. 

Report, — A  very  complete  and  very  interesting  working  model  of  KrOhuke's  silver 
reduction  process. 

Emilio  Escobar,  Copiapo,  Chili. 
419  native  silver  and  silver  ores. 

Report, — ^An  exceedingly  rich  collection  of  native  silver,  ruby  silver,  and  horn  silver. 
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Don  Pio  BennejUlo,  City  of  Mexico. 

420  CUPELLED  SILVER. 

Report. — A  very  large  mass  of  cupelled  silver,  from  his  redaction  works  of  Trojes,  in  the 
District  of  Augangueo,  State  of  Michoacan.  Lead  cupelled,  two  hundred  and  seventy-two 
tons ;  weight  of  product,  four  thousand  and  two  pounds. 


Federico  Farrugia,  Zimapan,  Mexico. 

421  ORES  AND  METALLURGICAL  PRODUCTS  (SILVER  AND  LEAD). 

Report, — A  valuable  collection  of  ores ;  a  scientific  and  practical  arrangement  and  dis* 
play  of  metallurgical  products. 

J086  Pereira  Cardoxo,  Jr.,  Oporto,  Portugal. 

422  GOLD,  SILVER,  AND  TIN  LEAF. 

Report, — Commended  for  the  excellent  quality  of  the  exhibit 


Comte  de  Mason,  8.  Domingo,  Portugal. 

423  COPPER  AND  IRON  PYRITES,  AND  MAPS  OF  WORKINGS. 

Report, — Commended  for  number  and  weight  of  the  specimens  of  ores  exhibited,  also  for 
an  excellent  exhibit  of  maps  and  drawings. 


Ferreira  ft  Sousa,  Oporto,  Portugal. 

424  GOLD  AND  SILVER  LEAF. 

^^^^.— Commended  for  the  good  quality  of  the  exhibit. 


Catling  Gold  Mining  Co.,  Marmora,  Canada. 

425  GOLD  ORES. 

Report, — An  interesting  exhibit  of  gold  and  silver  bearing  arsenical  pyrites;  with  the 
metals  extracted  therefrom. 


Silver  Mining  Co.  of  Silver  Islet,  Ontario,  Canada. 

426  SILVER  AND  SILVER  GLANCE. 

Report, — A  curious  and  valuable  exhibit  of  native  silver  and  silver  glance  (snlphuret  of 
silver).  

Mineralogical  Society  of  Mexico. 

427  SILVER  AND  LEAD  ORES. 

Report, — A  large  and  interesting  exhibit  of  Mexican  lead  and  silver  ores. 


R.  Robertson,  Halifax,  Nova  Scotia. 

428  GOLD  SPECIMENS. 

Report, — ^A  collection  illustrative  of  the  gold  fields. 


The  Colony  of  Queensland,  Australia. 

429  GOLD. 

Report, — Commended  for  the  choice  specimens  and  the  number  exhibited. 
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Provincial  Commission  of  Camsrinas,  North  Philippine  Islands,  Spain. 

430  GOLD  ORES, 

Report. — ^A  valuable  series  of  auriferous  quartz. 


Hanging  Rock  Iron  Region  Centres,  Portsmouth  and  Ironton,  Ohio,  U.  8. 

431  PIG  IRON. 

Report. — Fifty-nine  furnaces  have  contributed  to  the  display  from  this  region.  Of  this 
number  ten  make  cold-blast  charcoal  iron,  thirty-four  hot-blast  charcoal  iron,  and  fifteen 
stone  coal  and  coke  iron. 

The  cold-blast  irons  possess  excellent  chilling  properties.  They  have  been  used  largely 
in  the  manufacture  of  car-wheels  and  for  ordnance  purposes.  For  strength  and  fluid-ran- 
ning  qualities,  the  hot-blast  charcoal  and  many  of  the  stone  Coal  and  coke  irons  enjoy  a 
high  reputation.  They  are  well  adapted  for  forge  work,  also  for  agricultural  machines  and 
stove  castings. 

Lehigh  Valley  Region,  U.  8. 

432  PIG  IRON. 

Report. — This  important  section  is  represented  in  the  product  of  nineteen  companies 
manufacturing  pig  iron,  viz. :  Glendon  Iron  Co.,  Thomas  Iron  Co.,  Andover  Iron  Co., 
Bethlehem  Iron  Co.,  Crane  Iron  Co.,  AUentown  Rolling  Mill  Co.,  Lehigh  Valley  Iron  Co., 
Ourbon  Iron  Co.,  Saucon  Iron  Co.,  Coleraine  Iron  Co.,  Lehigh  Iron  Co.,  Allentown  Iron 
Co.,  Emaus  Iron  Co.,  Durham  Iron  Co.,  Keystone  Iron  Co.,  Northampton  Furnace,  North 
Penn  Iron  Co.,  Peter  Uhler,  Pennsville  Furnace. 

Under  the  control  and  ownership  of  these  companies  are  fifty-four  blast  furnaces,  with  a 
I«odnctive  capacity  of  six  hundred  and  five  thousand  tons  per  annum. 

The  irons  produced  are  adapted  to  every  variety  of  use  and  construction ;  some  of  them 
are  applicable  to  the  steel  manufacture,  but  they  are  especially  celebrated  for  foundry  pur- 
poses, particularly  for  castings  requiring  sofhiess  and  strength.  Certain  brands  are  equally 
celel^rated  for  the  production  of  wrought  iron  of  the  highest  quality. 


8tate  of  Missouri,  U.  S. 

433  IRON  ORES. 

Report. — ^A  choice  specimen  of  iron  ore  admirably  adapted  to  the  manufacture  of  Besse- 
mer steel,  contributed  by  the  Iron  Mountain  Co.  of  St.  Louis. 


Virginia  District,  U.  S. 

434  IRON  ORBS. 

Report. — A  fine  display  of  iron  ores  of  good  quality,  contributed  mainly  by  the  New 
River  Railroad  Mining  and  Manufacturing  Co.  of  Virginia. 


Kemble  Coal  ft  Iron  Co.,  Philadelphia,  Pa.,  U.  S. 

435  COALS,  COKE,  IRON  ORES,  ETC. 

Report. — A  good  display  of  coals,  coke,  iron  ores,  fire  clay,  and  limestone ;  also  of  pig 

iron  manufactured  by  the  Kemble  Coal  and  Iron  Co.,  and  Lowry,  Eichelberger  and  Co. 
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State  of  Tennessee,  U.  S. 

436  IRON  ORES. 

Report. — A  very  large  display  of  ores,  some  of  which  are  suitable  to  the  manufacture  of 
Bessemer  steel,  all  of  them  to  the  production  of  good  forge  and  foundry  irons. 

The  following  parties  contribute  to  the  display :  General  J.  T.  Wilder,  S.  B.  Lowe,  Roane 
Iron  Co.,  Chattanooga  Iron  Co.,  Southern  States  Coal  and  Iron  Co.,  Judge  C.  F.  Trigg, 
J.  F.  Reynolds,  Alfred  AUott,  W.  A.  Hoskins,  Tellere  Iron  Co.,  J.  B.  Kellcbrew,  Iron 
Mountain  Steel  Co.,  Captain  Thomas  Brown,  Le  Grange  Iron  Works,  Cumberland  Iron 
Works,  Crab  Orchard  Iron  Co.,  Magnetic  Iron  Co. 


New  York  Section,  U.  S. 

437  IRON   ORES. 

Report, — Represented  in  the  following  companies :  Port  Henry  Iron  Ore  Co.,  Withcrbee, 
Sherman  &  Co.,  Crown  Point  Iron  Ore  Co.,  Hussey  &  Howe  Mining  Co.,  Mrs.  Caroline 
C.  Benton. 

These  ores  are  in  the  aggregate  very  rich,  and  are  adapted  to  every  class  of  iron  manu- 
facture; many  to  Bessemer,  nearly  all  to  foundry  purposes,  and  all  to  the  production  of 
good  wrought  iron. 

Lake  Superior  District,  U.  S. 

43S  IRON  ORES. 

Report, — The  following  mines  contribute  to  the  display  from  this  region :  Jackson  Specu- 
lar, Republic  Specular  and  Magnetic,  Bamum  Specular,  Cleveland  Specular,  Champion 
Magnetic,  Edwards  Magnetic,  Lake  Superior  Specular  and  Hematite,  Lake  Angeline 
Specular  and  Hematite,  Michigamme  Magnetic,  Magnetic  Magnetic,  New  York  Specular, 
Macomber  Hematite,  Spun*  Mountain  Magnetic,  Saginaw  Specular,  Rolling  Mill  Hema- 
tite, Washington  Magnetic. 

These  ores  are  in  the  aggregate  very  rich,  and  adapted  to  every  class  of  iron  manufac- 
ture ;  many  to  Bessemer,  nearly  all  to  foundry  purposes,  and  all  to  the  production  of  good 
wrought  iron. 

James  L.  Jackson,  New  York,  U.  S. 

439  EXHIBIT  OF  CASTINGS   MADE  BY   NOVEL  METHOD. 

Report, — Commended  for  a  good  method  of  making  castings  of  unequaled  proportions. 


Riverside  Iron  Works,  Wheeling,  W.  Va.,  U.  S. 

440  WROUGHT  IRON. 

Report, — Conunended  for  the  good  quality  of  iron  as  exhibited  in  bars  and  nails. 


The  Bamum-Richardson  Co.,  Lime  Rock,  Conn.,  U.  S. 

441  PIG  IRON   FOR   CAR  WHEELS. 

Report, — Commended  for  excellent  quality  and  commendable  exhibit.  . 


O.  W.  Davis,  Bangor,  Maine,  U.  S. 

442  PIG  IRON. 

Report, — Commended  for  good  quality  for  general  purposes. 


GROUP  /. 
Reese,  Graff,  ft  Woods,  Pittsburg,  Pa.,  U.  S. 

443  WROUGHT  IRON  AND  STEEL  BARS  AND  HORSESHOES. 

Report, — Commended  for  good  quality. 
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Farist  ft  Windsor,  Bridgeport,  Conn.,  U.  S. 

444  CAST  STEEL. 

Report, — Commended  for  good  quality. 


Jones  ft  Laughlins,  Pittsburg,  Pa.,  U.  S. 

445  COLD  ROLLED  WROUGHT  IRON  SHAFTING. 

Report, — Commended  for  fine  quality  and  excellent  finish,  showing  improved  processes 
and  superior  machinery. 

The  Lackawanna  Iron  and  Coal  Co.,  Scranton,  Pa.,  U.  S. 

446  BESSEMER  PIG  IRON  AND  WROUGHT  IRON  BARS. 

Report, — Commended  for  good  quality. 


Cartwnght,  McCurdy,  ft  Co.,  Youngstown,  Ohio,  U.  S. 

447  HOOP  IRON. 

Report, — Commended  for  excellent  quality  and  finish. 


Charles  Cammell  ft  Co.  (Limited),  Sheffield,  England. 

448  ARMOR   PLATES. 

Report, — Commended  for  the  great  excellence  of  manufacture,  and  the  admirable  qua!' 
ity  of  material,  rendering  it  especially  adapted  for  armor  plating. 


449  The  Cambria  Iron  Co.,  Johnstown,  Pa.,  U.  S. 

RAW  MATERIALS  FOR  THE  IRON  MANUFACTURE,  AND  IRON  AND  BESSEMER  STEEL  RAILS 

AND  BARS. 

Report, — Commended  for  the  general  good  character  of  iron  and  steel  products  ex- 
hibited, special  attention  being  called  to  the  large  exhibit  of  the  company's  minerals  suit- 
able for  the  iron  manufacture,  and  also  to  the  excellent  endurance  of  its  rails. 


Shelby  Iron  Co.,  Alabama,  U.  S. 

450  PIG  IRON. 

Report, — Commended  for  good  quality  for  foundry  and  car-wheel  purposes. 


Woodstock  Iron  Co.,  Alabama,  U.  S. 

45'  IRON  ORES,   PIG  IRON  FOR  CAR- WHEELS,  AND  SPIEGEL. 

Report, — Commended  for  extent  and  beauty  of  collection  of  ores,  as  well  as  for  quality 
of  pig  and  spiegel  iron. 

Wilson,  Walker,  ft  Co.,  Pittsburg,  Pa.,  U.  S. 

452  WROUGHT- IRON  FORGINGS. 

Report, — Commended  for  good  quality  and  finish  of  forgings  for  railway  cars. 


.52  REPOR  TS  ON  A  WARDS, 

Tuscarawas  Coal  and  Iron  Co.,  ^Cleveland,  Ohio,  U.  8. 

453  PIG  METAL. 

Report, — Pig  metal  made  from  black  band  ore.    A  very  soft  fluid-running  iron. 


Philadelphia  and  Reading  Railroad  Co.'s  Rolling  Mills,  Reading,  Pa.,  U.  S. 

454  IRON  RAILS  AND  RAIL  PILES. 

Report. — Good  process  of  manufacture  and  excellent  quality  of  product. 


Pottstown  Iron  Co.,  Pottstown,  Pa.,  U.  S. 

455  WROUGHT  IRON  PLATES  AND  BARS. 

Report, — Commended  for  fine  quality  of  products  exhibited,  and  good  display. 


456         Cleveland  Rolling  Mill  Co.,  Cleveland,  Ohio,  U.  8. 

BESSEMER  STEEL  AND  SIBMENS-MARTIN  STEEL  RAILS,  FORCINGS,  PLATES,  SHSBTS,  BARS. 

AND  WIRE. 

Report, — Commended  for  the  excellent  character  of  products  exhibited. 


Grand  Tower  Mining,  Manufacturing  and  Transportation  Co.,  Grand  Tower, 

Illinois,  U.  8. 

457  PIG  IRON. 

Report, — Commended  for  good  quality. 


Bay  8tate  Iron  Co.,  Boston,  Mass.,  U.  8. 

458  BOILER   PLATE  MADE  FROM  SIEMENS-MARTIN  METAL. 

Report, — Commended  for  good  quality. 


459      The  Nashua  Iron  and  Steel  Co.,  Nashua,  N.  H.,  U.  8. 

IRON    AND    SIEMENS-MARTIN    STEEL    FORGINGS,  STEEL  BOILER   PLATE,   AND  8TBEL 

LOCOMOTIVE  AND  CAR  TIRES. 

Report, — Commended  for  good  quality. 


Miller,  Metcalf,  ft  Parkins,  Pittsburg,  Pa.,  U.  8. 

460  CRUCIBLE  STEEL  FOR  TOOLS. 

Report, — ^Commended  for  excellent  quality. 


Stewart  ft  Co.,  So.  Baston,  Pa.,  U.  8. 

461  WIRE. 

Report. — Commended  for  good  quality. 


The  Edgar  Thomson  Steel  Co.  (Limited),  Pittsburg,  Pa.,  U.  8. 

462  BESSEMER  STEEL  INGOTS,  RAILS,  AND  FORGINGS. 

Report, — Commended  for  general  good  character  of  products  exhibited. 


GROUP  /.  .5 J 

John  Roach  d  Son,  Chester,  Pa.,  U.  8. 

463       ULON  BOILE&  PLATES  AND  FORCINGS  OF  LARGS  DIMENSIONS. 

Report, — Commended  for  good  quality  and  large  dimensions,  a  shaft  and  crank  of 
wrought  iron  being  conspicuous  for  their  size  and  good  workmanship. 


James  Rowland  ft  Co.,  Kensington  Iron  and  Steel  Works,  Philadelphia,  Pa.,  U.  S. 

464  WROUGHT  IRON  AND  STEEL  SHEETS  AND  BARS. 

Reports — Commended  for  good  finish. 


Phillips,  Nimick,  ft  Co.,  Pittsburg,  Pa.,  U.  S. 

465  WROUGHT  IRON  BARS  AND  BOILER  PLATES. 

Report, — Commended  for  very  excellent  quality  and  workmanship,  well  demonstrated  by 
the  completeness  of  the  exhibit. 

Philadelphia  Iron  and  Steel  Co.,  Philadelphia,  Pa.,  U.  S. 

466  ROLLED  IRON  SHAPES. 

Report, — Commended  for  good  rolling  of  difficult  shapes. 


W.  D.  Wood  ft  Co.,  Pittsburg,  Pa.,  U.  S. 

^(fl  PLANISHED  SHEET  IRON. 

Report, — Commended  for  fine  quality  and  finish. 


Alan  Wood  ft  Co.,  PhiUdelphia,  Pa.,  U.  S. 

468  PLANISHED  SHEET  IRON. 

Report, — Commended  for  fine  quality  and  finish. 


The  Washburn  ft  Moen  Manufacturing  Co.,  Worcester,  Mass.,  U.  S. 

469  IRON  AND  STEEL  WIRE. 

Report, — Commended  for  excellent  quality,  strikingly  illustrated  by  the  completeness  of 
the  exhibit 

Union  Iron  Co.,  Buffalo,  N.  Y.,  U.  S. 

470  WROUGHT  IRON  BEAMS. 

Report, — Commended  for  excellent  quaUty  and  manufacture,  and  considerable  magnitude 
of  beams. 


Union  Iron  Mills,  Pittsburg,  Pa.,  U.  8. 

471  ROLLED  IRON  SHAPES. 

Report, — Commended  for  good  rolling  of  large  and  difficult  sections. 


Brown  ft  Co.,  Wayne  Iron  and  Steel  Works,  PitUburg,  Pa.,  U.  S. 

472  WROUGHT  IRON  BOILER  PLATES   AND  BARS. 

Report, — Commended  for  the  very  excellent  quality  and  workmanship,  well  demonstrated 
by  the  completeness  of  the  exhibit. 


Singer,  Nimick,  ft  Co.,  Pittsburg,  Pa.,  U.  S. 

473  MARTIN  AND  CRUCIBLE  STEEL  PLATES  AND  BARS. 

Report, — Commended  for  fine  quality  and  finish. 


^54  REPORTS  ON  AWARDS. 

Henry  Roberts,  Newark,  N.  J.,  U.  S. 

474  STEEL  WIRE. 

Report. — Commended  for  good  quality. 


Otis  Iron  and  Steel  Co.,  Cleveland,  Ohio,  U.  8. 

475  SIEMENS-MARTIN  STEEL  BOILER  PLATE. 

Report. — Commended  for  excellence  and  uniformity  of  quality,  as  proved  by  complete 


test. 


Park,  Bro.  ft  Co.,  Pittsburg,  Pa.,  U.  S. 

476  CRUCIBLE  STEEL  BOILER  PLATE  AND  BARS. 

Report. — Conmiended  for  fine  quality  and  elaborate  and  beautiful  exhibit. 


A.  Garrison  ft  Co.,  Pittsburg,  Pa.,  U.  S. 

477  CHILLED   ROLLS. 

Report. — Commended  for  admirable  quality  of  material,  chilling,  and  finish,  as  illustrated 
both  by  very  large  and  by  small  chilled  rolls,  and  as  proved  by  the  fracture  of  a  large  roll. 


James  Henderson,  Hamburg,  Pa.,  U.  8. 

478  MALLEABLE   IRON. 

Report. — The  Judges,  while  recommending  a  medal  for  good  quality  of  the  iron  exhibited, 
wish  it  to  be  understood  that  they  express  no  opinion  on  the  merit  of  the  process  stated  to 
be  employed  in  its  production. 

Allentown  Rolling  Mill  Co.,  Allentown,  Pa.,  U.  8. 

479  WROUGHT   IRON    BARS. 

Report. — Commended  for  good  quality  of  products. 


Bowen  ft  Signor,  Saranac,  N.  Y.,  U.  S. 

4S0  WROUGHT  IRON   BLOOMS,  BARS,   AND   HORSE-NAILS. 

Report, — Commended  for  fine  quality. 


American  Galvanising  Works,  Philadelphia,  Pa.,  U.  8. 

^I  GALVANIZED  SHEET  IRON. 

Report. — ^Commended  for  good  quality  of  products. 


Potts  Bros.,  Pottstown,  Pa^,  U.  S. 

482  BOILER  PLATE. 

Report. — Commended  for  the  good  quality  of  boiler  plate  exhibited. 


Votkinsk  Iron  Works,  Sarapool,  Viatka,  Russia. 

483  CHAINS  OF   DIFFERENT  SIZES,  AND   OTHER   PRODUCTS. 

Report. — ^Commended  for  good  quality. 


Catasauqua  Manufacturing  Co.,  Catasauqua,  Pa.,  U.  8. 

4S4  WROUGHT-IRON  BARS. 

Report. — Commended  for  excellent  quality. 


GROUP  I.  455 

Glasgow  and  Port  Washington  Iron  ft  Coal  Co.,  Port  Washington,  Ohio,  U.  S. 

485  PIG  IRON. 

Report. — Pig  metal  made  from  black  band  ore.    A  very  soft  fluid-running  iron. 


Hussey,  Wells,  ft  Co.,  Pittsburg,  Pa.,  U.  S. 

486  CRUaBLE  STEEL  PLATES  AND  BARS. 

Report, — Commended  for  fine  quality  and  finish,  and  instructive  exhibit. 


487  The  Albany  and  Rensselaer  Iron  ft  Steel  Co.,  Troy,  N.  Y.,  U.  S. 

BESSEMER    STEEL   AND    WROUGHT    IRON   RAILS,  BARS,  FORCINGS,  AXLES,  SPIKES,  NAILS, 

AND  HORSESHOES. 

Report, — Commended  for  general  excellent  quality  of  products  and  completen^A  of 
exhibit. 

Cooper,  Hewitt,  ft  Co.,  New  York,  N.  Y.,  U.  S. 

488  WROUGHT  IRON  BEAMS,  BARS,  CHAINS,  AND  WIRE. 

Report, — ^Commended  for  the  very  good  quality  and  finish  of  all  the  exhibits ;  beams  of 
considerable  dimensions,  special  attention  being  called  to  the  quality  of  gun-screw  iron. 


Wm.  Clark  ft  Co.,  Pittsburg,  Pa.,  U.  8. 

489  HOOP   IRON. 

Report. — Commended  for  good  quality  and  finish. 


Horace  A.  Beale  ft  Co.,  Parkersburg,  Pa.,  U.  S. 

490  WROUGHT  IRON  PLATES  AND  PUDDLED  BARS. 

Report, — Commended  for  fine  quality. 


Gregory  ft  Co.,  Adirondac  Steel  Works,  Jersey  City,  N.  J.,  U.  S. 

491  STEEL  INGOTS  AND   FORGINGS  OF  CAST  STEEL. 

Report, — Commended  for  good  exhibit  and  good  workmanship  of  foigings. 


Valentines  ft  Co.,  Bellefonte,  Pa.,  U.  S. 

492  PIG  AND  WROUGHT  IRON. 

Report, — Commended  for  excellent  quality. 


493  The  Hinsdale  Doyle  Granite  Co.,  New  York,  N.  Y.,  U.  S. 

GRANITE,  BLOCK  AND  WROUGHT,  FROM  MAINE  AND  CONNECTICUT. 

Report, — Commended  for  the  variety  and  excellence  of  the  stone  from  the  quarries  of 
the  company.  

494  Phoenix  Iron  Co.,  Philadelphia,  Pa.,  U.  8. 

PHCENIX  WROUGHT  IRON  tCOLUMNS,  ROLLED  IRON  BEAMS,  AND  OTHER  SHAPES. 

Report, — Commended  for  good  quality  of  products  and  good  rolling  of  large  pieces. 
Wrought  iron  columns  of  excellent  design  and  workmanship. 


^c6  REPORTS  ON  AWARDS. 

Penn  Galvanic  Works  (P.  ft  P.  P.  Chase),  Philadelphia,  Pa.,  U.  S. 

495  GALVANIZED  SHEET  IRON. 

Report, — ^A  good  exhibit  and  good  quality  of  products. 


McCullough  Iron  Co.,  Philadelphia,  Pa.,  U.  S. 

496  GALVANIZED  SHEET   IRON. 

Report, — ^A  veiy  fine  exhibit  and  good  quality  of  products. 


Marshall  Bros,  ft  Co.,  Philadelphia,  Pa.,  U.  S. 

497  SHEET  AND  BAR  IRON,  AND  GALVANIZED  IRON. 

Report, — Commended  for  a  very  fine  exhibit  and  good  quality  of  products,  excellent 
finish  of  sheets. 

M.  M.  Manly  ft  Son,  Philadelphia,  Pa.,  U.  S. 

498  ROLLED  IRON  HAND  RAIL. 

Report, — ^An  ingenious  and  valuable  method  of  rolling  iron  for  hand  rails. 


J.  B.  Straus  ft  Co.,  Philadelphia,  Pa.,  U.  8. 

499  GALVANIZED  SHEET  IRON. 

Report, — Commended  for  good  quality  of  product. 


Keystone  Bridge  Co.,  Pittsburg,  Pa.,  U.  S. 

500        WELDLESS  CHORD  BARS  AND  RIVSTLBSS  TUBULAR  OOLUMIiS. 

Report, — Conmiended  for  good  quality  and  workmanship. 


Pennsylvania  Steel  Co.,  Philadelphia,  Pa.,  U.  8« 

501  OBJECTS  OF  STEEL,  AND  STEEL  INGOTS. 

Report, — Commended  for  good  quality. 


Diamond  Sute  Iron  Co.,  Wilmington,  Del.,  U.  S. 

502  IRON  BOLTS  AND  RAILWAY  FASTENINGS. 

Report, — Commended  for  good  quality. 


E.  ft  Q.  Brooke,  Birdsboro*,  Pa.,  U.  S. 

503  WROUGHT  IRON. 

Report, — Commended  for  good  quality. 


New  Jersey  Zinc  Co.,  U.  8. 

504  SPIEGELEISEN. 

Reports    Commended  for  good  quality. 


Moorhead  ft  Co.,  Pittsburg,  Pa.,  U.  8. 

505  SHEET  IRON  AND  GALVANIZED  IRON, 

Report, — Commended  for  good  quality. 


GROUP  L  ^j« 

The  Passaic -Rolling  Mill  Co.,  Paterson,  N.  J.,  U.  S. 

506  ROLLED  WROUGHT  IRON  BEAMS  AND  SHAPES. 

Report, — Commended  for  good  rolling  of  difficult  shapes. 


Chrome  Steel  Co.,  Brooklyn,  N.  Y.,  U.  S. 

507  TOOL  STEEL,  SOFT  STEEL,  AND  COMBINED  STEEL  AND  IRON  PLATES. 

Report, — Commended  for  good  quality  of  steel,  and  fine  quality  of  combined  steel  and 
iron  plates. 

H.  Burden  ft  Sons,  Troy,  N.  Y.,  U.  S. 

508  WROUGHT  IRON  BARS  AND  HORSESHOES. 

Report, — Commended  for  excellent  quality. 


J.  ft  Q.  J.  Rogers  Iron  Co.,  Ausable  Forks,  N.  Y.,  U.  S. 

509  IRON. 

Report, — Charcoal  billets ;  good  metal  for  general  work. 


Henry  Disston  ft  Sons,  Philadelphia,  Pa.,  U.  S. 

510  CAST-STEEL  INGOTS,  BLOOMS,  AND  PLATES. 

Report, — Commended  for  good  quality. 


N.  ft  G.  Taylor  Co.,  Philadelphia,  Pa.,  U.  S. 

511  TIN  PLATE. 

Report, — Commended  for  good  quality  and  economical  method  of  manufacture. 


San  Jacinto  Tin  Co.,  San  Francisco,  Cal.,  U.  S. 

512  TIN  AND  TIN  ORES. 

Report, — An  interesting  exhibit  of  tin  ores  and  block  tin  of  California. 


Imperial  Royal  Mining  and  Smelting  Administration,  Posoritta,  Austria. 

513  MANGANESE. 

Report, — Fine  specimen  of  pyrolusite,  representing  a  considerable  industry. 


Industrial  Society  of  Krain,  Laibach,  Austria. 

514  FERRO-MANGANESE  MADE  IN  A  BLAST  FURNACE. 

Report, — Commended  for  great  richness  in  manganese ;  in  one  case  as  high  as  fifty  per 


cent. 


Angleur  Steel  Manufacturing  Co.,  Renoty,  Belgium. 

515  BESSEMER  STEEL. 

Report, — Commended  for  good  quality. 


Forge  and  Rolling  Mill  Joint  Stock  Co.,  Regissa,  Belgium. 

516  STEEL  AND  WROUGHT  IRON  SHEETS. 

Report, — Commended  for  good  quality. 


^5 8  REPORTS  ON  AWARDS. 

Anonymous  Society  for  the  Manufacture  of  Iron,-  Charleroi,  Belgium. 

517  WROUGHT  IRON   BARS  AND  BOILER   PLATES. 

Report. — ^The  Judges,  while  awarding  medal  for  good  quality  of  the  iron  exhibited, 
wish  it  to  be  understood  that  they  express  no  opinion  on  the  merits  of  using  cryolite  in 
the  puddling  process. 

Valdre  Mabille,  Mariemont,  Belgium. 

518  WROUGHT  IRON   FORCINGS. 

Report, — Commended  for  good  workmanship. 


High  Furnace  Co.,  Marseilles,  France. 

519  FERRO-MANGANESE. 

Report. — ^Commended  for  great  richness  in  manganese ;  in  one  case  as  high  as  sixty  per 


cent. 


Marseilles  Qms  Co.,  Marseilles,  France. 

520  SPIEGEL  IRON,  FERRO-MANGANESE. 

Report. — Conmiended  for  great  richness  in  manganese ;  in  one  case  as  high  as  fifty  per 


cent. 


Terre  Noire,  La  Voutte,  and  Besseges  Co.,  Lyons,  France. 

521  FERRO-MANGANESE. 

Report. — Ferro-manganese,  the  richest  hitherto  produced ;  containing  in  one  case  seventy- 
five  per  cent,  of  manganese. 

522  F.  Krupp,  Essen,  Germany. 

CRUCIBLE,  BESSEMER,   AND   MARTIN  STEEL  AND  WROUGHT  IRON   IN   FORGINGS,  STAMPED 

WORK,  PLATES,  ETC. 

Report. — Commended  for  the  excellent  charaaer  of  material  throughout  the  exhibit,  and 
remarkably  good  workmanship,  as  especially  illustrated  in  large  and  difficult  forgings.  The 
instructive  character  of  the  exhibit  further  indicates  the  possession  of  means  in  respect  to 
machinery  and  processes  capable  of  dealing  with  iron  and  steel  for  a  vast  variety  of 
purposes. 

Lohmann  ft  Soeding,  Witten-on-the-Ruhr,  Germany. 

523  CRUCIBLE  STEEL  SHEETS  AND  HOOPS. 

Report, — Commended  for  excellent  quality. 


Heinrichs  Smelting  Works  Co.,  near  Au-on-the-Sieg,  Germany. 

524  SPIEGELEISEN. 

Report. — A  good  exhibit  of  spiegeleisen. 


Charlotten  Smelting  Works  Co.,  Niederschelden,  Germany. 

525  SPIEGELEISEN. 

Report, — ^A  good  exhibit  of  spiegeleisen. 


Cologne- Miisen  Mining  Co.,  Creusthal,  Germany. 

526  SPIEGELEISEN. 

Report, — A  good  exhibit  of  spiegeleisen. 


GROUP  J.  45P 

A.  Borsig,  Berlin  and  Borsigwerk,  Germany. 

527      WROUGHT  IRON  AND  SIEMENS- MARTIN  STEEL  FORCINGS   AND  STEEL  PLATES. 

Report. — Commended  for  excellent  character  of  forgings  made  under  the  Haswell  press, 
and  also  large  size  of  steel  plates. 

Westphalian  Union,  Hamm,  Germany. 

528  MALLEABLE  IRON  AND  WIRE. 

Report. — Commended  for  fine  quality. 


Luxemburg  Mining  and  Saarbrficken  Iron  Smelting  Co.,  Burbach,  Germany. 

529  BEAMS,  CHANNEL  BARS,  AND  OTHER  SHAPES. 

Report. — Commended  for  very  large  size  and  good  finish. 


Wissen  Mining  and  Smelting  Co.,  Brfickh5fe,  near  Wissen,  Germany. 

530  SPIEGELEISEN. 

Report. — A  good  exhibit  of  spiegeleisen. 


Ponsard  ft  Gigli,  Florence,  Italy. 

531  FERRO-MANGANESE. 

Report. — Ferro-manganese,  rich  in  manganese ;  in  one  case  as  high  as  sixty-one  per  cent 


Bofors-Gullspftng  Company  (Limited),  Sweden. 

532  ORES,  PIG  IRON,  WIRE,  AND  NAIL  RODS. 

Report. — Commended  for  iron  ores  of  high  degree  of  purity,  as  well  as  for  excellent  wire 
and  nail  rods  made  from  them. 


Mining  Department,  Japan. 

533  IRON,  COPPER,  LEAD,  AND  TIN. 

Report. — A  good  collection  of  ores  and  metallic  products,  showing  the  condition  of  the 
metallurgical  industry  of  that  country. 


N.  Miiller,  City  of  Chihuahua,  Mexico. 

534  METEORIC  IRON. 

Report. — A  fine  mass  of  meteoric  iron,  weighing  four  thousand  pounds. 


New  South  Wales  Commissioners,  Sydney,  New  South  Wales,  Australia. 

535  TIN  ORE,  TIN  INGOTS,  BAR  TIN,  AND  GRAIN  TIN, 

Report. — Commended  for  the  purity  of  the  metal  and  the  importance  of  the  production. 


Cathrineholms  Iron  Works,  Frederikshald,  Norway. 

536  BAR   IRON,  CHAINS,  ETC 

Report. — Bar  iron  of  excellent  quality,  and  chains  and  other  articles  manufactured  there- 
from. 

Portuguese  Mining  Co.,  Sflo  Pedro  do  Sul  (Viseu),  Portugal. 
537  TIN. 

Report. — Commended  for  good  collection  of  ores  and  purity  of  the  metal. 


^6q  reports  on  awards. 

Kama  Armor  Plate  Works,  Okhansk,  Perm,  Russia. 

538  ROIXED  IRON. 

Report, — Commended  for  large  and  difficult  sizes. 


Russian  Rail  Manufacturing  Co.,  Riaxan,  Russia. 

539  FINE  WIRE,  AND  PIG  IRON  FURNISHING  THE  SAME. 

Report, — Conunended  for  good  quality  of  wire. 


Alexandrovsky  Iron  Works,  Olonets,  Russia. 

540  CAST  IRON  FOR  CANNON. 

Report, — Commended  for  good  quality  of  pig  iron  for  cannon. 


Qoroblagodat  Mining  District,  Verkhotoursky,  Perm,  Russia. 

541  PIG  IRON  AND  WROUGHT  IRON  SHEETS. 

Report, — Commended  for  good  quality. 


William  Baird  ft  Co.,  Qartsherrie  Iron  Works,  Coatbridge,  Scotland. 

542  COAL-CUTTING  MACHINE. 

Report, — Commended  for  the  good  arrangement  of  the  machine  for  cutting  coal  by 
means  of  a  series  of  blades  applied  by  an  endless  chain,  and  the  automatic  arrangement 
for  advancing  the  machine  by  means  of  a  fixed  point. 


543  Perm  Gun  Foundry,  Russia. 

CAST   IRON  FOR  CANNON,  CRUCIBLE  METAL,  AND  ALSO  GUN   BARRELS   FOR  SMALL  ARMS. 

ORDNANCE  HOOPS  OF  CRUCIBLE  METAL. 

Report. — Commended  for  excellent  quality  of  the  above. 


544  Pootilof  Iron  Works  Co.,  St.  Petersburg,  Russia. 

PUDDLED  STEEL  AND  PRODUCT  OF  SIEMENS-MARTIN  STEEL,  AND  CHILLED  SHOT. 
Report. — Commended  for  good  quality. 


Gregory  Rasteriaef,  St.  Petersburg,  Russia. 

545  SHEET    IRON  AND  IRON  CASTINGS. 

Report, — Commended  for  excellence  of  quality. 


Government  of  Spain. 

546  COALS  AND  IRON  ORES. 

Report. — A  good  exhibit  of  the  above  from  various  localities,  the  coals  from  the  province 
of  Barcelona  being  exhibited  by  La  Perla  Bergadana  Mineralogical  Society  and  Gispert  y 
Pujals;  from  the  province  of  Burgos,  by  Eugenio  Oria  and  the  Jnarrefta  Society;  from  the 
province  of  Castellon,  by  Mir6  y  Cerd& ;  from  the  province  of  Cordoba,  by  the  Coal  Pit 
Company  of  Belmez;  from  the  province  of  Gerona,  by  the  £1  Veterano  Mineral  Society; 
from  the  province  of  Oviedo,  by  the  Board  of  Agriculture,  the  Coal  Pit  Society  of  Mufion, 
the  National  Works  of  Trubia,  Garcia  de  los  Rios,  Braulio  Vigon ;  from  the  province  of 
Palencia,  by  the  Mines  of  Castilla ;  from  the  province  of  Seville,  by  Isaac  Pereire ;  from 
the  province  of  Teruel,  by  Andres  Peguero  and  Francisco  Sierra. 

The  exposition  of  iron  ores  from  the  various  provinces  was  made  by  the  following  indi- 
viduals and  societies : 
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From  the  province  of  Almeria,  by  Francisco  Daza  y  Ruiz,  Seron,  Almeria,  Antonio 
Vinas  Asqueros,  Ciemente  Linares,  Villalobos  Brothers,  and  Secundius  Hernandez. 

From  the  province  of  Badajoz,  by  Martinez  de  Santa  Maria. 

From  the  province  of  Barcelona,  by  Llige  De  Planell  and  Olimpia  O'Daly. 

From  the  province  of  Burgos,  by  Richard  &  Granducontangne,  and  Eugenio  Oria. 

From  the  province  of  Granada,  by  Corporation  of  Pineda  and  Joaquin  Hisem. 

From  the  province  of  Leon,  by  Leoncio  Polo  and  Casimero  Alonso. 

From  the  province  of  Malaga,  by  the  Corps  of  Government  Mining  Engineers  from 
Marbella,  Estepona,  Mijas,  Istan,  Caratraca,  Antequera,  Coin,  Benahanes,  Benalmadena, 
and  Archidona. 

From  the  province  of  Navarra,  by  Blandin  y  Carrese. 

From  the  province  of  Oviedo,  by^  Acebat  y  Mendez,  Uria  Pinella,  Diestro  y  Lastra. 

From  the  province  of  Pontevedra,  by  Somozo  Pifleiro. 

From  the  province  of  Seville,  by  the  Del  Pedrosso  Works. 

From  the  province  of  Tarragona,  by  Francisco  Monner. 

From  the  province  of  Teruel,  by  Juan  Francisco  Valdemoro,  James  Belles,  and  Francisco 
Perez. 

Ftom  the  province  of  Vizcaya,  by  Vicente  de  Diego  at  Bilboa,  Miguel  Bourson,  and 
Bilbao  Iron  Ore  Company. 

From  the  province  of  Zaragosa,  by  Andres  Zabalo  and  Manuel  Rueda. 


The  Bilbao  Iron  Ore  Co.  (Limited),  Qaldames,  Spain. 

547  IRON  ORES. 

Report, — Commended  for  good  quality. 


F.  Vila  Yafies,  Viana  del  BoUo,  Orense,  Spain. 

548  TIN  AND  TIN  ORES. 

Report, — Commended  for  the  good  quality  of  the  samples  of  ores  and  metal. 


M.  Vaxques  y  Lopez,  Zalamea  la  Real,  Huelva,  Spain. 

549  MANGANESE  ORE. 

Report, — A  fine  lump  of  psilomelane. 


Don  Enrique  Accino,  Vilches,  Spain. 

550  LEAD  ORES. 

Report, — Good  samples  of  galena,  and  industrial  statistics. 


551  Mechanical  Works  of  Motala,  Sweden. 

IRON   ORES,  PIG    IRON,  AND   PRODUCTS    IN   BESSEMER  AND    SIEMENS- MARTIN   METAL,  AS 

WELL  AS  IN  PUDDLED  IRON  AND  STEEL. 

Report. — Commended  for  iron  ores  of  a  high  degree  of  purity,  as  well  as  for  the  very 
excellent  character  of  the  products  manufactured  therefrom. 


State  of  Tennessee,  U.  S. 

552  GEOLOGICAL  COLLECTION. 

Report, — An  interesting  collection  illustrating  the  economic  geology  and  mineralogy  of 
Tennessee. 
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553  Fagersta  Iron  and  Steel  Works,  Sweden. 

IRON  ORES,  PIG  IRON,  BESSEMER   INGOTS,  AND  ARTICLES  OF  BESSEMER  STEEL. 

Report, — ^Commended  for  iron  ores  particularly  well  adapted  for  Bessemer  process,  as 
well  as  for  a  most  scientific  and  instructive  exhibit  of  the  very  excellent  Bessemer  products 
made  therefrom. 

Sandvikens  Iron  Works  Co.,  Gefle,  Sweden. 

554  IRON  ORES,   BESSEMER   STEEL. 

Report, — Iron  ores  of  a  high  degree  of  purity,  and  Bessemer  steel  metal,  tires,  and  axles 
of  very  excellent  quality  manufactured  therefrom. 


Uddeholms  Company  (Limited),  Sweden. 

555    ORES, — PIG  IRON,  MALLEABLE  IRON,  AND  SI  EM  ENS -MARTIN  METAL. 

Report, — Iron  ores  of  a  high  degree  of  purity,  as  well  as  specimens  of  wrought  iron  and 
Siemens-Martin  metal  of  great  excellence  and  remarkably  uniform  quality. 


Ash  ft  Lacy,  Birmingham,  England. 

556  TINNED  IRON  AND  ZINC  PLATES. 

Report, — Commended  for  good  quality. 


John  Brown  ft  Co.  (Limited),  Sheffield,  England. 

557  ARMOR  PLATES. 

Report. — Commended  for  great  excellence  of  manufacture  and  admirable  quality  of 
material,  rendering  it  especially  adapted  for  armor  plating. 


Swansea  Tin  Plate  Co.,  Swansea  (South  Wales),  Great  Britain. 

558  TIN   PLATE. 

Report, — Commended  for  the  superiority  of  the  manufacture. 


The  Governor  and  Company  of  Copper  Miners  in  England,  t.ondon,  England. 

559  TIN  PLATES. 

Report. — Commended  for  good  quality  and  finish. 


Jonas  Meyer  ft  Colver,  Sheffield,  England. 

560  CRUCIBLE  STEEL  FOR  TOOLS. 

Report, — Commended  for  fine  quality. 


The  West  Cumberland  Iron  and  Steel  Co.,  Workington,  England. 

561  BESSEMER  PIG  IRON  AND   STEEL  PRODUCTS. 

Report, — Commended  for  the  excellent  quality  of  material  and  the  good  workmanship. 


Hatton  Sons  ft  Co.,  Bilston,  England. 

562  TIN  PLATES. 

Report, — Commended  for  the  superiority  of  the  manufacture. 
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563  TIN  PLATES. 

Heport. — Commended  for  the  superiority  of  the  manufacture. 


Henry  Nash  ft  Co.,  Liverpool,  England. 

564  TIN  PLATES. 

Report, — Commended  for  excellent  quality. 


Frederick  Smith  ft  Co.,  Halifax,  England. 

565  STEEL  WIRE. 

Report, — Commended  for  good  quality. 


Wm.  Smith  ft  Sons,  Warrington,  England. 

566  STEEL  WIRE. 

Report. — Commended  for  good  quality. 


W.  D.  Houghton,  Warrington,  England. 

567  STEEL  WIRE. 

Report, — Commended  for  good  quality. 


Hawksworth,  Ellison,  ft  Co.,  Sheffield,  England. 

568  STEEU 

Report, — Commended  for  good  quality. 


Steel  Co.  of  Canada,  Londonderry,  Canada. 

569  ORES,  IRON,  AND  STEEL. 

Report, — Commended  for  good  quality  of  pig  iron. 


W.  C.  Hume,  Stanthorpe  Mines,  Queensland,  Australia. 

570  TIN  ORES. 

Report, — Commended  for  the  nimiber  and  the  choice  exhibit  of  the  samples. 


Bulimba  Smelting  Co.,  Brisbane,  Queensland,  Australia. 

571  TIN. 

Report, — Commended  for  the  purity  and  the  quantity  of  the  tin  bars  exhibited. 
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Bentinck  Tin  Mining  Co.,  Queensland,  Australia. 

572  TIN  ORES. 

Report, — Commended  for  the  quality  of  the  ores  and  illustrations  of  the  alluvial  deposits 
in  which  the  same  are  found. 


Arthur  Dewhurst,  Tamworth,  New  South  Wales,  Australia. 

573  TIN  ORES. 

Report, — Commended  for  the  choice  selection  and  number  of  samples. 
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A.  Nordenskifild,  Stockholm,  Sweden. 

574  METEORITE  FROM  GREENLAND. 

Report, — A  large  mass  of  the  remarkable  meteorite  from  Ovifak,  Greenland. 


575  Surahaxnmare  Works  Co.  (Limited),  Sweden. 

RAILWAY  AXLES  AND  WHEELS  AND  PLATES  OF  PUDDLED  IRON  AND  OF  STESU 

Report, — Commended  for  excellent  quality  of  the  above-named  aitides. 


Moore  ft  Co.,  Sydney,  New  South  Wales,  Australia. 

576  TIN. 

Report, — Conrniended  for  the  pnrity  of  the  metal. 


Pope,  Cole,  ft  Co.,  Baltimore,  Md.,  U.  S. 

577  COPPER  MATTES,  REFINED  GOPPER. 

Report, — Commended  for  the  metalluigical  interest  of  the  specimens,  superior  quality  of 
refined  copper,  chemical  purity  of  the  metal,  and  crystals  of  sulphate  of  copper. 


Minong  Mining  Co.,  Detroit,  Mich.,  U.  S. 

578  NATIVE  CX>PPER. 

Report, — A  large  exhibit  of  natire  copper,  showing  marks  of  the  prehistoric  workeis 
and  stone  hammers. 


S.  W.  HiU,  Michigan,  U.  S. 

579  NATIVE  COPPER. 

Report, — ^A  valuable  exhibit  of  crystals  of  native  copper. 


Ansonia  Brass  ft  Copper  Co.,  Ansonia,  Conn.,  U.  S. 

580    SHEETS  OF  BRASS  AND  COPPER,  PLANISHED,  NICKEL- PLATED,  ETC 

Report, — Commended  for  smoothness  and  brilliancy  of  the  sheets. 


C.  G.  Hussey  ft  Co.,  Pittsburg,  Pa.,  U.  S. 

581  COPPER   AND  BRASS. 

Report, — Commended  for  good  qnaltty,  size  of  sheet  copper. 


Bridgewater  Iron  Co.,  Bridgewater,  Mass.,  U.  S. 

582  COPPER  AND  BRASS. 

Report. — Seamless  tube,  both  copper  and  brass,  of  good  material  and  superior  manufiho- 
tnre;  the  same  for  the  sheet  of  metal,  rod,  nails,  etc.,  exhibited. 


New  Bedford  Copper  Co.,  New  Bedford,  Mass.,  U.  8. 

583  COPPER,  BRASS,  BRONZE. 

Report, — Commended  for  the  finish  of  copper  rollers,  copper  and  brass  sheet 
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Benedict  ft  Bumham  Manufacturing  Co.,  Waterbury,  Conn.,  U.  8. 

584  COPPER,  BRASS,  AND  GERMAN   SILVER. 

Report, — Commended  for  the  finish  of  the  sheet  brass,  German  silver,  brass  tubing,  rod, 
wire,  etc. 

SchuyUdU  Copper  Co.  (C.  M.  WheaUey),  PhcenixviUe,  Pa.,  U.  S. 

585  CX>PPER  AND  COPPER  ORES. 

Report, — An  interesting  collection  of  American  copper  ores  and  of  ingot  copper,  from 
the  Schuylkill  Copper  Co. 

Crocker  Bros,  ft  Co.,  Taunton,  Mass.,  U.  S. 

586  COPPER,  BRASS,  ZINC. 

Report. — Commended  for  the  purity  of  the  metals  and  the  quality  of  the  goods. 


Chemical  Copper  Co.,  Phcenizville,  Pa.,  U.  8. 

587  COPPER  ORES  AND  PRODUCTS. 

Report, — A  very  curious  exhibition  of  ores,  cement  copper,  and  ingot  copper  obtained 
by  the  wet  way  (Hunt  &  Douglass  process). 


Union  Consolidated  Copper  Co.  (J.  E.  Raht),  Ducktown,  Tenn.,  U.  S. 

588  COPPER  AND  COPPER  ORES. 

Report, — A  good  collection  of  copper  ores,  matte,  and  ingot,  representing  the  industry  of 
the  Ducktown  copper  mines  and  works. 


Vermont  Copper  Co.,  Ely,  Orange  County,  Vermont,  U.  S. 

589  COPPER  AND  COPPER  ORES, 

Report, — A  good  collection  of  ores,  matte,  and  ingot  copper  from  the  Versline  copper 
mine  and  smelting  works. 

Central  Mine,  Michigan,  U.  8. 

590  NATIVE  COPPER. 

Report. — A  very  valuable  exhibit  of  native  copper,  consisting  of  four  large  masses  cut 
from  a  specimen  weighing  seventy-six  tons. 


591  Bridgewater  Iron  Co.,  Bridgewater,  Mass.,  U.  S. 

BRASS  AND  COPPER  TUBES,  CHILLED  ROLLS,  WROUGHT  IRON,  STBKL  FORCINGS,  AND  NAILS. 

Report, — Commended  for  excellent  workmanship  and  finish,  and  fine  exhibit. 


C.  W.  Siemens,  London,  England. 

592  REGENERATIVE  GAS  FURNACE. 

Report, — Commended  for  the  improved  capacity  for  regulating  the  intensity  and  char- 
acter of  the  heat,  accompanied  by  economy  of  fuel. 


Calumet  ft  Hecla  Mining  Co.,  Michigan,  U.  8. 

593  COPPER  AND  COPPER  ORES;  A  MODEL  OF  STAMPING  MILL. 

Report, — Commended  for  a  large  and  characteristic  exhibit  of  the  copper  ores,  stamp 
copper,  wash  sand,  ingot,  plate,  and  bar  copper  of  the  Calumet  &  Hecla  Mine,  and  for  the 
ingenious  arrangement  and  adaptability  of  an  excellent  and  powerful  machine  for  dressing 
rocks  containing  native  copper. 
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Quincy  Mining  Co.,  Michigan,  U.  S. 

594  RBFINED  GOPPSR. 

Report, — A  valuable  exhibit  of  refined  copper. 


Samuel  A.  Lafone  Quevedo,  Catamarca,  Argentine  Republic. 

595  COPPER  ORES  AND   PRODUCTS,  AND  CLAY  AND  QUARTZ. 

Report, — A  full  collection  of  copper  ores,  regulus,  and  refined  copper,  from  the  province 
of  Catamarca ;  also  clay  and  quartz  suitable  for  making  fire-brick. 


Ignacio  Domeyko  (Professor),  Chili. 

59^  COPPER  ORES,. ETC. 

Report. — ^A  large,  well-arranged,  and  instructive  collection  of  the  copper  ores  of  Chili, 
with  rocks  and  organic  remains. 

Urmenetta  ft  Brraguriz,  Santiago,  Chili. 

597  COPPER  ORES  AND  METALLURGICAL    PRODUCTS. 

Report, — A  well-arranged  exhibit  of  copper  ores  and  metallurgical  products. 


E.  Secretan,  Paris,  France. 

598  COPPER,  BRASS,  ETC. 

Report, — Commended  for  the  purity  of  the  metals  and  excellence  of  workmanship. 


Aron  Hirsch  ft  Son,  Messingwerk  near  Neustadt-Eberswalde,  Germany. 

599  COPPER,  BRASS,  TUBE  AND  SHEET,  WIRE,  ETC. 

Report. — Commended  for  the  finish  of  the  goods  exhibited. 


Royal  Prussian  and  Ducal  Brunswick  Mining  and  Smelting  Works  of  the  Lowei 

Harts,  Goslar,  Germany. 

600  ARGENTIFEROUS  COPPER  AND  LEAD  ORES  AND  FURNACE  PRODUCTS. 

Report, — Commended  for  the  excellence  of  its  copper  and  vitriols  and  for  the  very  scien- 
tific  and  practical  exhibit  of  its  products  and  drawings. 


Trastagana  Mining  Co.,  Aljustrel,  Portugal. 

601  COPPER  ORBS. 

Report. — Commended  for  the  good  samples  of  copper  ores  and  statistics. 


Yugov  Copper  Works,  Government  and  District  of  Perm,  Russia. 

602  COPPER  AND  COPPER  ORES. 

Report, — Conmiended  for  the  purity  and  excellent  quality  of  the  metal. 


Basil  Pashkof,  Government  of  Oofa,  Sterlitamak  District,  Russia. 

603  COPPER  ORES,  REHNED  COPPER. 

Report, — Conmiended  for  the  superior  quality  of  refined  copper. 
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Bogoslovsky  Crown  Copper  Works,  Perm,  Russia. 

604  COPPER  ORES,  MATTES,  AND  REFINED  COPPER. 

Report, — Commended  for  the  interest  of  the  specimens  and  very  good  quality  of  the  re- 
fined metal. 

605  P.  Demidof,  Prince  of  San  Donato,  Nijni  Tagil,  Russia. 

COPPER  ORES  AND  COPPER,  IRON  ORES,  PIG  IRON,  SPIEGEL,  SHEETS   OF  WROUGHT   IRON, 
PRODUCrS  OF  BESSEMER  METAL  AND  SIEMENS-MARTIN  METAL. 

Report, — Commended  for  a  beautiful  collection  of  malachite  and  superior  quality  of 
copper  ingots  and  sheets;  also  for  a  high  degree  of  excellence  in  all  the  above  iron  and 
steel  products. 

Rio  Tinto  Co.,  Rio  Tinto,  Spain. 

606  PYRITES  OF  COPPER  AND  IRON. 

Report. — Conmiended  for  the  good  collection  of  the  ores  and  the  list  of  analyses. 


Enrique  Mendez,  Mieres,  Spain. 

607  MERCURY. 

Report, — Commended  for  good  quality  of  the  ores  of  mercury  and  purity  of  metal. 


Don  Jos^  Maria  de  Ybarra,  Seville,  Spain. 

608  COPPER  ORES  AND  PRODUCTS. 

Report. — ^A  full  and  interesting  exhibit  of  copper  ores  and  products, — ^forty  pieces. 


W.  W.  Stuart,  Montreal,  Canada. 

609  NATIVE  COPPER. 

Report. — An  interesting  exhibit  of  native  copper  in  sandstone,  from  Michipicoten  Lake. 


C.  Normanby  Copper  Mining  Co.,  Mt.  Perry,  Queensland,  Australia. 

610  COPPER  ORES. 

Report, — ^A  large  and  valuable  exhibit  of  copper  ores. 


Peak  Downs  Copper  Co.,  Peak  Downs  Mine,  Queensland,  Australia. 

611  COPPER  INGOT. 

Report, — Commended  for  the  purity  of  the  metal. 


Mt.  Perry  Copper  Mining  Co.,  Mt.  Perry  District,  Queensland,  Australia. 

612  COPPER. 

Report. — Commended  for  purity  of  the  metal. 


Commissioner  of  Copper  Mines  of  South  Australia. 

613  COPPER  ORE  AND  COPPER. 

Report. — Commended  for  the  number  and  variety  of  ores  and  purity  of  the  metal  ex- 
tracted ;  the  copper  ores  are  produced  by  the  North  Yelta,  Dalbannab,  Wallarous,  Moonta, 
Durra,  and  adjacent  mines. 
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Illinois  Industrial  University  of  Natural  History,  Champaign,  111.,  U.  S. 

614  LEAD  ORES. 

Report, — A  large  and  instructive  exhibit  of  lead  ores,  showing  many  large  cubes  of 
galena. 

Phosphor-Bronxe  Smelting  Works,  Philadelphia,  Pa.,  U.  S. 

615  PHOSPHOR-BRONZE. 

Report. — Commended  for  the  quality  of  the  alloy  and  the  various  objects  exhibited. 


Revere  Copper  Co.,  Boston,  Mass.,  U.  S. 

616  COPPER,  YELLOW   METAL,  AND  BRONZE  CANNON. 

Report. — Commended  for  the  purity  of  the  metal  and  excellence  of  manufacture. 


Passaic  Zinc  Co.,  New  York,  N.  Y.,  U.  S. 

617  ORES,  SPELTEKr  SHEIT  ZllfC  AND  CASTINGS,  AND  ZINC  OXIDE. 

Report. — Commended  for  a  good  display  of  ores  and  products,  and  purity  of  the  spelter 
exhibited. 

Lehigh  Zinc  Co.,  Bethlehem,  Pa.,  U.  S. 

618  ORES,   SPELTER,  SHEET  ZINC,  AND   ZINC  OXIDE. 

Report. — A  fine  display  of  ores  and  metallurgical  products,  purity  of  the  spelter,  blue- 
white  color  of  the  rinc  oxide  made  from  calamine,-  and  tbe  purity  and  malleability  of  the 
sheet  zinc  made  from  calamine^ 

Scovill  Manufacturing  Co.,  Waterbury,  Conn.,  U.  S. 

619  BRASS  AND  GERMAN   SILVER. 

Report. — Commended  for  the  excellent  quality  of  the  products  and  the  excellent  finish 
of  the  sheet  brass,  German-silver  goods,  gold  and  silver  plated  metal. 


W.  B.  Cogg8w«ll,  Mine  La  Motte,  Madison  County,  Mo.,  U.  S. 

620  LEAD  ORES. 

Report. — A  large  and  valuable  exhibit  of  lead  ores  and  metallurgical  products  from 
Mine  La  Motte. 

Coffin,  Redington,  ft  Co.,  New  York,  U.  S. 

621  FINE  SILICA  FOR  POLISHING. 

Riport. — Commended  for  fineness  of  material  in  the  specimens  exhibited. 


Holmes,  Booth,  ft  Haydens,  Waterbury,  Conn.,  U.  S. 

622  BRASS  AND  GERMAN  SILVER. 

Report, — Commended  for  the  excellence  of  workmanship  and  materials. 


Waterbury  Brass  Co.,  Waterbury,  Conn.,  U.  S. 

623  BRASS  AND  GERMAN  SILVER. 

Retort. — Commended  for  the  good  quality  of  brass,  German  silver,  brass  wire,  and 

kettles. 
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William  WUer,  Philadelphia,  Pa.,  U.  S. 

624  ^    BRASS. 

Report. — Commended  for  the  finish  of  brass  goods  exhibited. 


Manhattan  Brass  Co.,  New  York,  N.  Y.,  U.  S. 

625  BRASS,  COPPER,  ZINC,  ETC. 

Report, — Commended  for  the  finish  of  the  objects  exhibited,  sheet  tubes,  brass  goods,  etc. 


626  The  Midvale  Steel  Works,  PhUadelphia,  Pa.,  U.  S. 

TUBES,  BARS,  FORCINGS,  AND  CASTINGS   OF  CRUCIBLE  AND  SIEMENS-BCARTIN  STEEL. 

Report. — Commended  for  excellent  quality  and  good.exhibit. 


G.  N.  Adams,  Lucin  District,  Nevada,  U.  S. 

627  LEAD  ORES  AND  ARRAGONITES. 

Report. — ^An  interesting  exhibit  of  large  crystals  of  molybdate  of  lead  and  large  speci- 
mens of  arragonite. 

Tatham  &  Bro.,  Philadelphia,  Pa.,  U.  S. 

628  SHEET  LEAD,  AND  TIN-LINED  LEAD  AND  IRON   PIPES. 

Report. — Commended  for  the  good  quality  and  finish  of  their  exhibit  of  sheet  lead,  and 
tin-lined  lead  and  iron  pipes. 

Yale  Lock  Manufacturing  Co.,  Stamford,  Conn.,  U.  S. 

629  NICKEL  ANODES. 

Report. — An  ingenious  construction  of  nickel  anodes  for  use  in  electro-metallurg)'. 


John  R.  Harvey,  Dubuque,  Iowa,  U.  S. 

630  LEAD  ORES. 

Report. — A  large  and  instructive  exhibit  of  the  lead  ores  (galenas)  of  the  State  of  Iowa. 


Velasco  Brothers,  Linares,  Spain. 

631  LEAD. 

Report. — Coomiended  for  the  good  exhibit  of  lead  of  first  and  second  class. 


Geo.  K.  Tr3ron  ft  Co.,  Philadelphia,  Pa.,  U.  S. 

632  PHOSPHOR-BRONZE. 

Report. — Commended  for  good  quality  and  good  exhibit. 


Nova  Scotia. 

633  COALS. 

Report. — Commended  for  the  fine  and  beautiful  exhibit  made.    The  coals  are  adapted 
for  domestic,  steam,  and  gas  purposes,  and  of  superior  quality. 


C.  B.  Parsons,  St.  Joe  Mine,  St.  Franfois  County,  Mo.,  U.  S. 

634  MASS  OF  GALENA. 

Report. — Commended  for  the  good  quality  of  a  large  mass  of  lead  ore  (galena),  weigh • 
ing  fifteen  hundred  and  sixty-two  pounds. 


.-Q  REPORTS  ON  AWARDS, 

Pennsylvania  Lead  Co.,  Pittsburg,  Pa.,  U.  S. 

635  REFINED  LEAD. 

Report. — Commended  for  the  excellent  quality  of  its  pig  lead,  as  proven  by  its  adapta* 
bility  to  the  manufacture  of  white  lead ;  also  for  a  very  full  and  instructive  exhibit  of  the 
products  of  the  refining  process. 


Thos.  Allen,  St.  Louis,  Mo.,  U.  S. 

636  LEAD  ORES. 

Report. — A  large  and  interesting  exhibit  of  the  lead  ores  of  the  State  of  Missouri. 


West  Joplin  Lead  and  2inc  Co.,  West  Joplin,  Mo.,  U.  S. 

637  LEAD  ORES. 

Report. — A  large  and  valuable  exhibit  of  lead  ores  and  metallurgical  products  from  the 
Davis  &  Murphy  Mine. 

Rhodes  ft  Wasson,  Nevada,  U.  S. 

638  BORAX  AND  SALT. 

Report. — A  valuable  and  interesting  exhibit  of  crude  borax,  borate  of  lime,  and  salt,  from 
Esmeralda  County,  Nevada. 

Jos.  Richards,  Battle  Mountain,  Nevada,  U.  S. 

639  COPPER  ORES. 

Report. — ^An  interesting  exhibit  of  Battle  Mountain  copper  ores. 


640  Joseph  Wharton,  Philadelphia,  Pa.,  U.  S. 

ORES  OF  NICKEL  AND  COBALT,  AND  RESULTS  OF  THEIR  TREATMENT. 

Report. — ^A  fine  collection  of  nickel  ores  from  Lancaster  County,  Pa.,  with  nickel-matte, 
metallic  nickel  in  grains  and  cubes,  and  manufactured  nickel,  both  cast  and  wrought; 
nickel  magnets  and  magnetic  needles,  cast  cobalt,  electro-plating  with  nickel  and  cobalt, 
and  salts  and  oxides  of  both  of  these  metals :  the  whole  showing  a  remarkable  progress 
realized  in  their  metallurgical  treatment. 


J.  B.  Randol,  New  Almaden,  Cal.,  U.  S. 

641  QUICKSILVER  ORES. 

Report. — A  large  and  valuable  exhibit  of  the  ores  of  the  New  Almaden  quicksilver  mines. 


Theodore  A.  Hale,  Nevada,  U.  S. 

642  NATIVE  SULPHUR. 

Report. — A  very  interesting  exhibit  of  large  masses  of  native  sulphur  from  the  Rabbit 
Hole  of  Humboldt  County. 

Tiburcio  Parrott  (President  Sulphur  Bank  Quicksilver  Mining  Co.),  San  Fran- 
cisco, Cal.,  U.  S. 

643  SULPHUR  AND  QUICKSILVER. 

Report. — A  very  remarkable  exhibit  of  crude  sulphur  and  quicksilver ;  also  a  block  of 
sulphur  extracted  by  the  steam  process. 
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Thomas  Bell,  San  Francisco,  Cal.,  U.  S. 

644  QUICKSILVER  ORES. 

Report, — ^A  very  large  and  valuable  exhibit  of  New  Idria  quicksilver  ores,  some  of  them 
carrying  gold. 

Geo.  Fellows,  Point  of  Timber,  Cal.,  U.  S. 

645  QUICKSILVER  ORES. 

Report. — A  rare  and  curious  exhibit  of  quicksilver  ores  from  the  Phcenix  Mine. 


Ed.  Clark,  Great  Western  Quicksilver  Mine,  Napa  City,  Cal.,  U.  S. 

646  QUICKSILVER  ORES. 

Report. — A  valuable  exhibit  of  quicksilver  ore  containing  native  mercury. 


R.  Hodgson,  CoUingwood,  Victoria,  Australia. 

647  ANTIMONY,   LEAD,  TIN. 

Report. — Commended  for  the  purity  of  star  antimony,  pigs  of  lead,  and  blocks  of  tin,  all 
smelted  in  the  colony. 

Bleyberg-^s-Montzen  Joint  Stock  Co.,  Montzen,  Province  of  Liige,  Belgium. 

648  LEAD  AND  ZINC. 

Report. — Commended  for  the  purity  of  its  lead ;  also  for  a  full  and  instructive  exhibit  of 
ores,  raw  and  mechanically  prepared. 


Ruffer  &  Co.,  Breslau,  Germany. 

649  SHEET  ZINC. 

Report. — Conmiended  for  good  quality  and  finish. 


Royal  Prussian  Mines  and  Smelting  Works,  Clausthal,  Germany. 

650  LEAD,  COPPER,  ZINC,   AND   FURNACE  PRODUCTS. 

Report. — Commended  for  the  purity  of  its  metals  and  the  scientific  and  practical  value 
and  arrangement  of  its  furnace  products. 


Rhenish- Nassau   Mining   and   Smelting   Co.,   Stolberg,  near  Aix-la-Chapelle, 

Germany. 

651  LEAD  AND   ZINC. 

Report. — Commended  for  the  excellence  of  its  products,  and  for  the  scientific  and  practical 
value  of  its  exhibit. 

Mining,   Lead,    and  2inc   Manufacturing  Co.,  Stolberg  and  Aiz-la-Chapelle, 

Germany. 

652  LEAD  AND  ZINC. 

Report. — Commended  for  the  superiority  of  its  metals  and  colors ;  also  for  the  scientific 
and  practical  display  of  its  products. 


Royal  Prussian  Friedrich  Smelting  Works,  Tamowitz,  Germany. 

653  LEAD  ORES  AND  LITHARGE. 

Report. — Commended  for  the  purity  of  its  lead ;  also  for  the  eminently  scientific  and 
practical  exhibit  of  its  products  and  drawings. 


472  REPORTS  ON  AWARDS, 

C.  Sotomayor,  Angangueo,  Mexico. 

654  ARGENTIFEROUS  LEAD  ORE. 

Report. — A  valuable  and  interesting  exhibit  of  argentiferous  galena  and  iron  pyrites. 


Bamble  Nickel  Mines,  Krageroe,  Norway. 

655  NICKEL  ORES  AND  PRODUCTS. 

Report, — ^An  instructive  series  of  ores  and  products,  with  analyses  illustrating  the  metal- 
lurgy of  nickel. 

Ringeri^e  Nickel  Mines,  Modum,  Norway. 

656  NICKEL  ORES   AND  PRODUCTS. 

Report. — An  instructive  series  of  ores  and  products,  with  analyses  illustrating  the  metal 
lurgy  of  nickel. 

Diederick  Matfaias  Few«rheerd  &  Co.,  Sever  do  Vouga,  Portugal. 

657  COLLECTION  OF  ORES  AND  METALLURGICAL  PRODUCTS  OF  LEAD. 

Report, — Commended  for  the  good  collection  of  mineral  ores  and  good  quality  of  lead. 


Cados  Frederico  Blank,  Kvora,  Portugal. 

658  ANTIMONY  ORES. 

Report, — Commended  for  the  beauty  of  the  samples  of  the  antimony  ores. 


Antonio  Martins  Henriques  A  Co.,  Oporto,  Portugal. 

659  ANTIMONY  ORES. 

Report, — Good  samples  of  antimony  ores. 


Mining  I>epartment,  St.  Petersburg,  Russia. 

660  PLATINUM  AND  OSMIRIDIUM. 

Report. — The  best  exhibit  of  native  platinum,  osmiridium,  purified  platinum,  and  speci- 
mens illustrating  its  various  stages  of  production. 


Administration  of  the  Mining  District  in  Western  Poland,  Russia. 

661  SPELTER,  SHEET  ZINC,  AND  CADMIUM. 

Report. — Commended  for  the  excellent  quality  and  finish  of  products  exhibited. 


662        New  England  Granite  Works,  Hartford,  Conn.,  U.  S. 

SLABS  AND  BLOCKS  OF  GRANITE  FROM  THEIR   QUARRY  AT  WESTERLY,  R.  I. 

Report. — Commended  for  the  uniform  excellence,  variety,  and  good  quality  of  the  ma- 
terial, the  low  price  at  which  it  is  furnished,  and  the  fine  finish  of  the  large  polished  slab 


Royal  Asturian  Company  of  Mines,  Linares,  Spain. 

663  LEAD  ORES. 

Report. — Commended  for  the  fine  sample  of  galena  and  industrial  statistics. 
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La  Inocencia  Mining  Society,  Quarroman,  Spain. 

664  LEAD  ORES. 

Report, — Good  samples  of  lead  ores,  and  comparatiye  industrial  statistics. 


Mining  and  Foundxy  Company  of  Santander  and  Queiros,  Spain. 

665  ZINC  ORES. 

Report, — ^A  good  exhibit  of  calamines. 


Bduardo  Bonaplata,  Bailen,  Spain. 

666  GALENAS  AND  LEAD. 

Report, — Commended  for  purity  of  the  lead  and  very  good  selection  of  galenas. 


Heirs  of  J.  C.  English,  Linares,  Spain. 

667  LEAD  ORES. 

Report, — Commended  for  the  good  preliminary  preparation  of  lead  ore. 


Vicente  Herrero,  Peilalcasar,  Soria,  Spain. 

668  LEAD  AND  SIL\'ER  ORES. 

Report, — Commended  for  the  beauty  of  the  samples  of  argentiferous  galenas. 


Direction  of  the  Mines  of  Almaden,  Almaden,  Spain. 

669  MERCURY. 

Report, — Commended  for  the  good  classification  and  beauty  of  the  samples  of  mercury 
ore,  the  purity  of  metal,  and  the  remarkable  collection  of  maps. 


Antonio  del  Diestro  y  Lastra,  Mier,  Oviedo,  Spain. 

670  NICKEL  AND  COBALT  ORES. 

Report, — A  series  of  specimens  illustrating  the  nickel  and  cobalt  mine  of  Carrena. 


G.  Qrappin,  Llerena,  Badajoc,  Spain. 

671      ORES  OP  LEAD,  COPPER,  AND  ZINC,  AND  PHOSPHATE  OF  LIME. 

Report, — Good  samples  of  ores  of  lead,  copper,  zinc,  and  phosphate  of  lime ;  local  sta- 


tistics. 


J086  Caminero,  Ciudad  Real,  Spain. 

672  LEAD  AND  SILVER  ORES. 

Report, — Commended  for  richness  of  argentiferous  galenas,  and  for  analyses. 


Phosphor^Bronxe  Company  (Limited),  London,  England. 

673  PHOSPHOR-BRONZE. 

Report. — Commended  for  the  good  quality  of  the  alloy  and  the  number  of  applications. 


Lake  George  Antimony  Co.,  Prince  Williams,  New  Brunswick. 

674  REGULUS  OF  ANTIMONY. 

Report, — For  the  good  quality  of  the  ores,  and  of  the  samples  of  antimony  regulus. 


474  REPORTS  ON  AWARDS, 

A.  C.  Gregory,  St.  John's  Creek,  Burnett  District,  Queensland,  Australia. 

675  REGULUS  OF  ANTIMONY, 

Report, — G>mmended  for  the  good  quality  of  the  samples  of  antimony  regulns. 


Croaker,  Scott,  ft  Co.,  Melbourne,  Victoria,  Australia. 

676  &BGULX7S  OP  ANTIMONY. 

Report. — Commended  for  the  good  quality  of  the  samples  of  antimony  regnlus. 


Costerfield  Gold  and  Antimony  Co.,  Melbourne,  Victoria,  Australia. 

677  SULPHIDE  OP  ANTIMONY,  OTHER  ORES,  AND  REGULUS. 

Report, — Commended  for  the  good  collection  of  ore,  and  the  excellence  of  the  metal 
produced. 

Bright  Bros,  ft  Co.,  Melbourne,  Victoria,  Australia. 

678  STAR  ANTIMONY  IN  INGOTS. 

Report, — Commended  for  good  quality. 


J.  Koenigsberg,  Huntingdon,  Pa.,  U.  S. 

679  COKE-OVEN,  GOfilET  PATENT. 

Report, — Commended  for  the  high  percentage  of  coke  which  it  is  capable  of  producing, 
and  the  good  quality  of  the  coke  thus  made. 


Edwin  P.  Ball,  Chicopee,  Mass.,  U.  S. 

6S0      STEAM  STAMPING  MACHINE  FOR  CRUSHING  ORES  AND  ROCKS. 

Report. — Commended  for  the  excellence  of  the  machinery  and  apparatus  for  the  purpose 
intended,  permitting  its  extended  practical  application. 


681  Coxe  Bros,  ft  Co.,  Yeddo,  Pa.,  U.  S. 

MODEL  OP  A  NEW  COAL  BREAKER,  BUILDINGS,  AND  DRESSING  APPARATUS    AND  A  COAL- 
BREAKING  MACHINE. 

Report, — Commended  for  excellence  and  ingenuity  of  construction. 


The  Tubular  Barrow  and  Truck  Manufacturing  Co.,  New  York,  N.  Y.,  U.  S. 

682  FURNACE  WHEELBARROWS. 

Report, — Blast  furnace  wheelbarrows  of  good  construction  and  workmanship. 


683  Stephen  R.  Krom,  New  York,  N.  Y.,  U.  S. 

DRY  ORE  CONCENTRATORS  IN  TWO  MODELS,  ONE  IN  FULL  SIZE,  AND  ORE  CRUSHERS. 

Report. — Commended  as  an  ingenious  and  practical  invention,  and  for  the  excellent 
workmanship  of  the  exhibits. 

T.  F.  Witherbee,  Port  Henry,  New  York,  N.  Y.,  U.  S. 

684  COMBINED  WATER-BLOCK  TUYERE  AND  NOZZLE  FOR  BLAST  FURNACES. 
Report, — Commended  for  improvement  in  the  apparatus  specified. 
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Taws  ft  Hartman,  Philadelphia,  Pa.,  U.  S. 

685  BLAST  FURNACE  APPARATUS. 

Report, — ^A  creditable  exhibit  of  blast  furnace  appurtenances,  and  good  workmanship  of 
the  same. 

Francis  Murphy,  Streator,  111.,  U.  S. 

686  VENTILATING  APPARATUS. 

Repoft^-'-KjiOoA  ventilating  apparatus  for  mines. 


Charles  C.  Stevenson,  Gold  Hill,  Nevada,  U.  S* 

687  AMALGAMATING  MACHINE. 

Report. — ^An  improved  grinding  and  amalgamating  pan. 


Blake  Crusher  Co.,  New  Haven,  Conn.,  U.  S. 

688  MACHINE  FOR  CRUSHING  ORES  AND  STONES. 

Report, — A  most  valuable  instrument  for  the  purpose  intended. 


Charles  W.  Hunt.  New  York,  N.  Y.,  U.  S. 

689     MACHINERY  FOR  UNLOADING  VESSELS  AND  STORING  CARGOES. 

Report. — Commended  for  the  ingenious  combination  of  the  movement  for  opening  the 
wagon  doors  when  they  have  arrived  at  the  shutes,  and  the  automatic  arrangement  for  con- 
ducting the  wagons  to  the  changing  place  by  means  of  counterpoises. 


Commissioner  for  Victoria,  Melbourne,  Victoria,  Australia. 

690  FAC-SIMILE  OF  GOLD  NUGGETS  FOUND  IN  VICTORIA. 

Report, — Interesting  as  specimens  of  the  mineralogy  and  metallurgy  of  gold. 


Thomas  Whitwell,  Stockton-on-Tees,  England. 

691  REGENERATIVE  HOT  BLAST  STOVE. 

Report. — Commended  for  durability  of  structure  and  economy  of  fuel  when  applied  to 
iron-smelting  furnaces  of  insufficient  dimensions. 


Pierce  Well  Excavator  Co.,  Peru,  La  Salle  County,  111.,  U.  S. 

692  WELL  EXCAVATOR. 

Report, — An  improved  auger  for  boring  wells. 


W.  Weaver,  Phcenixville,  Pa.,  U.  S. 

693  ROCK  DRILL. 

Report, — Commended  for  simplicity  and  originality  of  construction,  easily  worked  by 
hand,  doing  a  considerable  amount  of  work. 


Edge  Moor  Iron  Co.,  Wilmington,  Del.,  U.  8. 

694    ROTARY  FUDDLING  FURNACE,  AND  HYDRAULIC  FORGED  LINKS  FOR  BRIDGES. 

Report. — Commended  for  improvements  in  the  rotary  puddling  furnace,  particularly  m 
regard  to  the  manner  in  which  the  portions  exposed  to  the  destructive  action  of  the  fire  are 
protected  by  means  of  water;  also  for  quality  of  hydraulic  forgings,  as  shown  in  the  links 
for  bridges. 
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Niblack,  Zimmerman,  &  Alexander,  Braxil,  Ind.,  U.  S. 

695  COMPRESSED  AIR  COAL-CUTTINO  MACHINE. 

Report, — Commended  for  improvements  in  coal-cutting  machines,  consisting  of  several 
teeth  set  apart  and  connected  by  links,  combined  with  great  faciUty  for  removing  them 
when  repairs  are  necessary. 

P.  H.  &  F.  M.  Roots,  ConnersviUe,  Ind.,  U.  S. 

696  ROTARY  POWER  BLOWER. 

Report. — G)mmended  for  very  good  arrangement  of  blowing  and  ventilating  apparatus 
and  gas  exhauster. 

697  George  M.  Mowbray,  North  Adams,  Mass.,  U.  S. 

APPARATUS   FOR   BLASTING  MINES,   ELECTRIC  BATTERY,   FUSES,  ETC. 

Report, — Commended  for  the  protection  of  the  electric  battery  from  moisture,  its  ready 
transportation,  safety  in  handling,  and  ability  to  fire  fifty  bore-holes  at  once,  the  protection 
of  the  fuses  and  percussion  caps  by  means  of  gutta  percha  rendering  them  particularly 
adapted  to  mining  operations  in  very  wet  localities. 


Professor  De  Volson  Wood,  Stevens  Institute,  Hoboken,  N.  J.,  U.  S. 

698  ROCK  DRIUL  (two  SIZES). 

Report, — ^An  ingenious  valve  gear  for  regulating  length  of  stroke,  and  for  an  improved 
«elf-centering  bit  clamp. 

Wilbraham  Bros.,  Philadelphia,  Pa.,  U.  S. 

699  baker's  pressure  blower. 

Report, — A  very  good  arrangement  of  blowing  and  ventilating  apparatus  and  gas  ex- 
hauster. 


B.  F.  Sturtevant,  Boston,  Mass.,  U.  S. 

700  sturtevant  FAN  AND  PRESSURE  BLOWERS. 

Report, — Commended  for  excellent  design  and  workmanship. 


Weimar  Machine  Works,  Lebanon,  Pa.,  U.  8. 

701        blowing  ENGINE  AND  OTHER  BLAST  FURNACE  MACHINERY. 

Report, — Commended  for  improvements  in  machinery  connected  with  blast  furnaces. 


CaldweU  ft  Mather,  Philadelphia,  Pa.,  U.  S. 

702  IMPROVED  WIND  FURNACE. 

Report, — ^An  improved  fire-door,  ash-pit,  and  hood. 


Ingersoll  Rock  Drill  Co.,  New  York,  N.  Y.,  U.  S. 

703  ROCK  DRILL. 

Report, — Commended  for  simplicity  of  construction,  convenience  and  speed  in  its  opera- 
tion, automatic  rotation,  and  feed. 


Pottstown  Iron  Company,  Pottstown,  Pa.,  U.  S. 

704  GOULD'S  NAIL-FEEDING  MACHINE. 

Report, — ^A  simple  and  excellent  machine. 
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S.  C.  Forsaith  &  Co.,  Manchester,  N.  H.,  U.  S. 
705  "abbe"  bolt  forging  machine. 

Report, — ^A  simple  and  effective  bolt  forging  machine. 
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John  Hsrslop,  Jr.,  Abington,  Mass.,  U.  S. 

706  TACK  MACHINE. 

Report, — ^A  tack  machine  of  good  design  and  excellent  workmanship. 


Lobdell  Car  Wheel  Co.,  Wilmington,  Del.,  U.  S. 

707  RHTirr  MAKING  MACHINE. 

Report, — A  simple  and  effective  machine. 


Pennsylvania  Tack  Works,  Norristown,  Pa.,  U.  S. 

708  MACHINES  FOR  MAKING  TACKS. 

Report, — Commended  for  the  exhibition  of  six  tack  making  machines,  which  contain 
several  original,  ingenious,  and  practical  improvements  by  which  the  machines  are  reduced 
in  size  and  their  working  speed  increased ;  also  for  the  good  workmanship  shown  in  the 
several  machines. 

Plumb,  Burdict,  &  Barnard,  Buffalo,  N.  Y.,  U.  S. 

709  BOLT  FORGING  MACHINE. 

Report, — ^A  very  ingenious  and  effective  bolt  forging  machine,  containing  several  features 
of  originality  of  design.  

Joseph  Chaudron,  Brussels,  Belgium. 

710  MODELS  OF  SHAFTS  SUNK. 

Report, — ^A  remarkably  successful  and  excellent  system  of  sinking  mine  shafts,  by  the 
apparatus  exhibited,  in  very  wet  ground. 


MtUler  ft  Co.,  Clermont,  near  Liige,  Belgium. 

711  SAFETY  FUSES  FOR  MINES. 

Report, — The  specimens  of  safety  fuses  exhibited,  twelve  in  number,  indicate  careful 
manufacture. 


J.  Pran9oi8  and  G.  Dubois,  Seraing,  near  Liige,  Belgium. 

712  DRILLING  MACHINE. 

Report, — Commended  for  the  good  arrangement  and  great  solidity  of  the  apparatus  for 
driving  galleries,  sinking  shafts,  etc. 


Nicolas  Libotte,  Gilly,  near  Charleroi,  Belgium. 

713  SYSTEM  OF  PARACHUTE. 

Report, — ^A  new  model  of  cage,  having  a  superior  method  of  safety  clutch. 


Davey,  Bickford,  Watson,  ft  Co.,  Rouen,  France. 

714  SAFETY  FUSE. 

Report, — An  ingenious  system  of  safety  fuse. 


4^8  REPORTS  ON  AWARDS, 

Cosset-DubruUe,  Lille,  Prance. 

715  SAFETY  LAMPS  FOR  MINERS. 

Report. — Commended  for  combined  cheapness  and  excellence  of  manufacture. 


716  Julius  von  Sparre,  Dortmund,  Germany. 

A  WORKING   MODEL  OF  AN    IMPROVED  ARTESIAN  WELL  WITH  AUTOMATIC  BIT. 

Report. — Commended  for  simplicity  of  construction  and  the  originality  of  invention. 


717  Babin  ft  Lopooshineky,  Moscow,  Russia. 

DRAWINGS  OF  AN  ARTESIAN  WELL  AT    MOSCOW  AND  THE  TOOLS  EMPLOYED  IN  THE 

WORK. 

Report. — Commended  for  the  ingenious  and  skillful  execution  of  the  indicated  artesian 
-well  boring,  seventeen  hundred  and  sixty-four  feet  deep,  of  fourteen  inches  diameter  at  the 
bottom. 

Salvator  Sabati  Brunet,  Barcelona,  Spain. 

718  MINING  TOOLS. 

Report. — A  good  collection  of  mining  tools,  comprising  picks,  hammers,  and  other  mining 
implements. 

Hardy  Patent  Pick  Company  (Limited),  Sheffield,  England. 

719  PATENT  PICK. 

Report. — Commended  for  its  great  suitability  to  its  intended  object. 


Holmes,  Payton,  &  Taylor,  Southwark,  London,  England. 

720  COAL  AND  ROCK  CUTTING  MACHINE. 

Report. — Commended  for  the  great  advantage  presented  by  the  machine  in  its  small  size 
and  the  facility  with  which  it  can  be  placed  in  coal  seams  of  small  thickness. 


Philadelphia  Galvanizing  Co.,  Philadelphia,  Pa.,  U.  S. 

721  GALVANIZED   SHEET  IRON. 

Report, — Good  exhibit  and  good  quality  of  products. 


SIGNING  JUDGES  OF  GROUP  I. 


The  figures  annexed  to  the  names  of  the  Judges  indicate  the  reports  written  by  them 
respectively. 

I.  LowTHiAN  Bell,  68,  loi,  i88,  439»  44°,  44i,  442,  443,  445,  446,  447,  448,  449, 

450.  45»»  452,  453»  454,  45S»  45^,  457»  459.  460,  461,  462,  463,  4^4,  465,  4^6,  467,  468, 
469,  470,  471,  472,  473,  475,  476,  477,  478,  483,  485,  486,  488,  489,  490,  491,  500,  501, 
502,  504,  505,  506,  507,  509,  sii,  514,  515,  516,  517,  518,  522,  523,  527,  528,  529,  531, 

532,  536,  538,  539i  SAO,  541,  543,  544,  545,  547,  55i.  554,  555.  557,  559,  560,  561,  564, 
565,  566,  567,  569,  575,  591,  592,  626,  632,  685,  691,  694,  701. 

Frederick  Prime,  Jr.,  Ss>  85,  92,  93,  94,  95.  9^,  97,  99,  i«),  262,  265,  294,  444,  546, 
549,  617,  618,  633,  649,  661,  665,  679,  682. 

A.  L.  HoLLEY,  102,  479,  480,  481,  484,  492,  494,  495,  496,  497,  498,  499,  508,  510, 
519,  520,  524,  525,  526,  530,  699,  700,  721. 

T.  Sterry  Hunt,  2,  3,  4,  5,  6,  7,  8,  11,  12,  13,  14,  15,  16,  17,  18,  20,  21,  22,  23,  24, 
25,  26,  27,  28,  29,  30,  31,  32,  33,  34,  35,  36,  37,  38,  39,  40,  41,  42,  43,  44,  45,  46,  47,  48, 
49,  50,  5»,  52,  56,  57,  58,  59,  60,  61,  63,  64,  69,  70,  71,  72,  73,  74,  76,  78, 79, 80, 81, 201, 
208,  272,  280,  281,  285,  288,  289,  310,  311,  313,  324,  392,  513,  542,  552,  553,  574,  578, 
579.  585.  588,  589,  590,  593.  594,  609,  629,  640,  655,  656,  660,  670. 

J.  M.  Safford,  164,  189,  244,  245,  246,  247,  248,  249,  250,  251,  252,  253,  254,  255, 
258,  259,  260,  261,  263,  264,  266,  267,  268,  269,  273,  274,  275,  276,  277,  278,  279,  282, 
283,  284,  290,  291,  292,  293,  295,  298,  306,  308,  318,  320,  321,  322,  621. 

John  Fritz,  474,  503,  556,  568,  684,  704. 

W.  S.  Keyes,  I,  9,  19,  55,  67,  75,  163,  187,  286,  287,  304,  305.  326,  327.  328,  329, 
330.  331.  332,  334,  335.  336,  337,  338,  339,  340,  341,  342,  343,  344,  345,  346,  347,  348, 
349,  350,  351. '352,  353.  354,  355.  35^,  357,  358,  359,  360,  361,  362,  363,  364,  365,  366, 
367.  368,  369.  370,  371,  372,  373.  374,  375.  37^,  377,  378,  379,  380,  381,  382,  383,  384, 
385.  386,  387,  388,  389,  390,  391,  393,  394,  395,  396,  397,  398,  399,  400,  401,  402,  403, 
404,  405,  406,  407,  408,  409,  410,  411,  412,  413,  414,  415,  416,  417,  418,  419,  420,  421, 
422,  424,  425,  426,  427,  430,  512,  550,  595,  596,  597,  600,  608,  610,  614,  620,  627,  628, 
630,  631,  634,  635,  636,  637,  638,  639,  641,  642,  643,  644,  645,  646,  648,  650,  651,  652, 
653,  654,  664,  666,  667,  672,  687. 

Matthew  Addy,  10,  87,  88,  89,  90,  91,  431,  432,  433,  434,  435,  436,  437,  438.  482. 

G.  C.  Broadhead,  53,  54,  86,  238,  256,  257,  270,  307,  312,  314,  316,  317,  325,  534. 

Ernst  Althans,  62,  296,  297,  299,  300,  301,  302,  303,  319,  323,  680,  681,  683,  688, 
692,  697,  698,  702,  714,  717. 

Louis  Simonin,  77,  84,  309, 333,  423,  428,  429,  535,  537,  548,  558,  562,  563,  570,  571, 
572,  573.  576,  577,  580,  581,  582,  583,  584,  586,  587,  598,  599,  605,  606,  611,  612,  613, 
615,  616,  619,  622,  623,  624,  625,  647,  671,  673,  690. 

F.  Valton,  521,  696,  710,  712,  713. 

R.  Akerman,  458,  487. 

Achille  Jottrand,  98,  689,  695,  711,  715,  719,  720. 

L.  Nicholsky,  693,  703,  716,  718. 

Nicolas  Jossa,  602,  603,  604. 

Th.  Kjerulf,  669,  686. 
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Daniel  dk  Cortazar,  65,  66,  82,  315,  533,  601,  607,  657,  658,  659,  663,  668,  674, 
675,  676,  677,  678. 

J.  S.  Newberry,  103,  104,  105,  106,  107,  108,  109,  no,  in,  112,  113,  114,  115, 116, 
117,  118,  119,  120,  121,  122,  123,  124,  125,  126,  127,  128,  129,  130,  131,  132,  133, 134, 

i35»  136,  137.  138,  139.  140,  141,  142,  143.  «44,  145.  146,  147.  148,  149.  «5o.  »5>.  ^S^. 
153.  154.  155.  156,  157.  158,  159.  160,  161,  162,  165,  166,  167,  168,  169,  170, 171,  172, 
173,  174,  175,  176,  177,  178,  179,  180,  i8i,  182,  183,  184,  185,  186,  190,  191,  192,  193, 
194,  195,  196,  197,  198,  199,  200,  202,  203,  204,  205,  206,  207,  209,  210,  211,  212,  213, 
214,  215,  216,  217,  218,  219,  220,  221,  222,  223,  224,  225,  226,  227,  228,  229,  230,  231, 
232,  233,  234,  23s,  236,  237,  239,  i40,  241,  493,  662. 

Henry  Wurtz,  243,  271. 

W.  F.  DuRFEE,  705,  706,  708,  709. 

James  Moore,  242,  707. 


SUPPLEMENT  TO  GROUP  I. 


REPORTS 


OP 


JUDGES  ON   APPEALS. 


JUDGES. 


John  Fritz,  Bethlehem,  Pa. 
Edward  Conley,  Cincinnati,  Ohio. 
Charles  Staples,  Jr.,  Portland,  Me. 
Benj.  F.  Britton,  New  York  City. 
H.  H.  Smith,  Philadelphia,  Pa. 


Coleman  Sellers,  Philadelphia,  Pa. 
James  L.  Claghorn,  Philadelphia,  Pa. 
Henry  K.  Oliver,  Salem,  Mass. 
M.  Wilkins,  Harrisburg,  Oregon. 
S.  F.  Baird,  Washington,  D.  C. 


Mine  Proprietors  of  the  Siegerland,  Germany. 
I  e:(hibit  of  ores  from  the  mines  of  siegerland. 

Report, — A  beautiful  and  instructive  exhibit  of  iron  ores. 


J.  W.  Klintberg  ft  Co.,  Wisby,  Sweden. 

2  grindstones  of  gottland  sandstone;  table  tops  of  fossili FERGUS  limestones. 

Report. — ^Table  tops,  curious  in  structure,  of  stone,  well  finished ;  grindstones,  mounted 
and  unmounted,  of  even  texture  and  good  grit.    Commended  for  good  quality  of  material. 


W.  A.  B.  Cameron,  Orange  Free  State. 

3  GOLD. 

Report, — A  rich  collection  of  gold  nuggets  from  Pilgrims'  Rest  Creek,  near  Delagoa 
Bay,  near  east  coast  of  Africa.  This  is  a  large  and  rich  collection,  being  valued  at  four- 
teen thousand  dollars,  and  mined  by  the  exhibitor,  by  the  process  known  as  sluicing. 
With  the  gold  is  a  small  collection  of  various  minerals  indigenous  to  that  country,  including 
a  beautiful  specimen  of  amber  in  which  is  imbedded  a  Tsetse  fly.  The  entire  collection  is 
of  great  scientific  and  practical  interest,  the  nuggets  running  from  one  hundred  to  fourteen 
hundred  dollars  each  in  value. 


Marquise  Blast  Furnaces,  Iron  Foundry  and  Manufactory,  Paris,  France. 

4  LAMP  POSTS   AND  ORNAMENTAL  CASTINGS. 

Report. — ^Commended  for  good  castings  and  good  designs. 
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Leon  de  la  Cova,  Venezuela  (Consul  at  Philadelphia). 

5      COLLECTIVE  EXHIBIT  OF  GOLD  ORES  AND  AMALGAMS  FROM  VENEZUELA. 

Report. — Commended  for  a  superior  and  complete  collection  of  specimens  of  free  gold 
ores  and  amalgams  from  various  gold  mines  of  Venezuela,  showing  great  progress  in  gold 
mining  in  that  country. 

Duncannon  Iron  Co.,  Philadelphia,  Pa.,  U.  S. 

6  NAIL-CUTTING  MACHINE  AND  ITS  PRODUCTS. 

Report, — ^The  nail-cutting  machine  is  commended  for  good  workmanship  and  design ; 
its  products  in  nails  shown  are  of  excellent  quality  and  great  variety  of  useful  styles. 


The  Diamond  Stone-Cutting  Machine  Co.,  Philadelphia,  Pa.,  U.  S. 

7  STONE-CUTTING  MACHINE. 

Report, — ^This  niachine  is  intended  to  work  out  designs  of  sections,  fillets,  ogees,  kerfs, 
etc.  It  operates  by  means  of  properly  shaped  cutters,  studded  with  carbons  or  black 
diamonds.  The  cutters  are  carried  on  the  end  of  a  jointed  arm  and  are  driven  by  belts 
from  the  standard  of  the  machine  after  the  manner  of  similar  machines  made  for  driving 
this  kind  of  work  in  wood.  The  workman  guides  the  rapidly  revolving  tool  about  the 
form  or  design  to  be  produced.  Commended  for  general  utility,  rapidity  of  work,  and 
ease  of  manipulation. 

Isaac  W.  Forbes,  Philadelphia,  Pa.,  U.  S. 

8  AUTOMATIC  STEAM  QUARTZ  BATTERY  (STAMPING  MILL). 

Report. — Commended  for  good  workmanship,  efficiency,  simplicity,  portability,  and 
adaptation  to  its  intended  use.  It  is  simple  in  construction,  works  w€ll,  and  is  so  made  as 
to  be  separated  into  parts  small  enough  to  be  transported  over  mountains  on  the  backs  of 
mules. 

A.  H.  MerriU,  WUliamsburg,  Me.,  U.  8. 

9  ROOFING  SLATES. 

Report. — Commended  for  evenness  of  texture  and  cleavage,  and  unifcNinicy  in  color. 


J.  Hawkins  Butchart,  Sydney,  New  South  Wales,  Australia. 

lO  COLLECTION  OF  TIN  ORES. 

Report, — Commended  for  a  beautiful  collection  of  tin  ores  remarkable  for  their  size  and 
richness. 


Mount  Bischoff  Tin  Mining  Co.,  Mount  Bischoff,  Tasmania. 

II  TIN  ORES  AND  TIN   IN  INGOTS. 

Report, — A  good  exhibit  of  tin  and  samples  of  tin  ore. 


H.  C.  R.  Bright,  Cape  of  Good  Hope. 

12  COLLECTION  OF  MINERALS. 

Report. — Commended  as  an  interesting  collection  of  minerals,  and  copper,  iron,  and  tin 


ores. 
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Fred.  Ogden,  California,  U.  S. 

13  TULLOCH'S  AXn'QMATIC  ORE  FEBDEt. 

Report. — Commended  for  ingenuitjr  and  simplicity  of  device. 


Calvia  Carr,  Cleveland,  Ohio,  U.  S. 

14  ROLLING  MACHINE  FOR  GALVANI^UD  IRON  CORNICES. 

Report, — ^A  veiy  veil  made  and  convenient  madiine  for  its  intended  use.    Commended 
for  convenience  and  utility. 

The  Independence  Mine,  Austin,  Manhattan  County,  Nevada,  U.  S. 

15  THREE  PIECES  OF  RUBY  SILVER  ORE. 

JP^S^tff/.— Oxmnended  for  ridmess,  beauty,  and  mineralogical  interest 


8.  M.  Belcher  Co.,  Nevada,  U.  8. 

16  MINSRS'  TOOLS. 

Report, — Hand-made  miners'  tools.    Commended  for  good  workmanshq>  and  design* 


Burleigh  Rock  Drill  Co.,  Fitchborg,  Mass.,  U.  S. 

17  ROCK  DRILU 

Report, — Cominended  for  compact  and  simple  constmction,  well-proportioned  details, 
and  excellent  workmanship. 

Thomas  Q.  Taylor,  Gold  Hill,  Nevada,  U.  8. 

18  DOUBLE  DECK  HOISTING  MACHINE. 

Report, — ^This  cage  is  made  almost  entirely  of  wrought  iron,  and  has  an  ingeniously 
contrived  safety  catch  made  to  grip  the  wooden  guides  when  the  hoisting  rope  breaks.     It 
has  many  ingenious  contrivances  to  adapt  it  to  the  use  intended.     Commended  for  in 
genuity  of  invention,  good  workmanship,  and  adaptability  to  its  intended  use. 


Lehigh  Slate  Co.,  Slatington,  Pa.,  U.  8. 

19     ROOFING  AND  SCHOOL  SLATE,  MANTELS,  BLACKBOARDS,  BATH-TUBS,  AND  BUREAU, 

TABLE,  AND  WASHSTAND  TOPS. 

Report, — Conmiended  for  extent  of  exhibit,  quality  of  workmanship,  and  good  quality  of 
material.  School  slate  of  good  fini^  and  materiaL  Large  slate  blackboand  of  vemarkable 
uniformity  of  surface  and  color. 

H.  Bradford,  Philadelpiiia,  Pa.,  U.  8. 

20  GOAL  AND  ORE  SEPARATOR. 

Report, — Commended  as  simple,  con^ct,  and  well  arranged  for  its  intended  pmpose. 


The  Cleveland  RoUing  Mill  Co.,  Lessees  of  American  Sheet  and  Boiler  plate 

Co.,  Cleveland,  Ohio,  U.  8. 

21  GALVANIZED  HOMOGENEOUS  SHEET  METAL. 

Report, — Commended  ibr  homogeneous  metal  .qf  ctxpell^t  guali^,  in  galyaniasd  sheets. 
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Judge  McCurdy,  Lyme,  Conn.,  U.  8. 

22  RED  GRANITE  FROM  LYME,  CONNECTICUT. 

Report. — Commended  for  homogeneity  and  strength  of  the  stone,  susceptibility  to  high 
polish,  and  its  bright  and  handsome  color. 


Speckled  Trout  Mine,  Flint  Creek  Mining  District,  Deer  Lodge  County,  Mon- 
tana, U.  8.,  Northwest  Company,  C.  Tower,  President. 

23  SILVER   ORE. 

Report. — Rich,  valuable,  and  interesting  specimens  of  silver  ore. 


The  Dickson  Manufacturing  Co.,  Scranton,  Pa.,  U.  S. 

24        CORNISH  PUMP  AND  HOISTING  ENGINE  FOR   MINING  PURPOSES. 

Report. — 1st.  Hoisting  engine,  commended  for  workmanship,  design,  and  convenience 
in  operation. 

2d.  Cornish  pumping  engine,  commended  for  design  and  workmanship. 


Russell,  Glick,  ft  Salisbury,  Comet  Mine,  Boulder  Mining  District,  JefiFerson 

County,  Montana,  U.  S. 

25  SILVER  ORB. 

Report. — A  laige,  rich,  and  interesting  specimen  of  silver  ore. 


Thorrand  ft  Co.,  Lyons,  France. 

26  ARTIFiaAL  EMERY  WHEELS,  WHETSTONES,  ETC. 

Report. — ^The  articles  are  tough  and  strong,  possess  a  firm  texture  and  excellent  grit,  and 
are  well  adapted  to  the  purposes  for  which  they  are  designed. 


Qysinge  Iron  Works,  Gysinge,  Sweden. 

27  IRON  IN  PIG  AND  BARS. 

Report. — Commended  for  superior  quality.    This  is  the  celebrated  brand  of  iron  known 
as  the  "  J.  B.  Crown,"  from  which  the  finest  English  cast  steel  is  made. 


Union  Rock  Drill  Co.,  New  York,  N.  Y.,  U.  8. 

28  ROCK  DRILL. 

Report. — Commended  for  simplicity  and  small  number  of  parts  subjected  to  wear,  fixed 
packing,  controlling  even  arrangement,  and  speed  in  its  operation. 


The  Pennsylvania  Diamond  Drill  Co.,  Pottsville,  Pa.,  U.  S. 

29  DIAMOND  DRILL. 

Report.— CgsamsAriA^^  for  simplicity  in  its  construction,  convenience  in  its  application, 
value  of  results  obtained,  cheapness,  remarkable  speed,  and  well-arranged  collection  of 
ores. 

Turkish  Government  Mint,  Turkey. 

50  COINS  AND  COMMEMORATIVE  MEDALS. 

Report. — Commended  for  good  engraving  on  the  dies  used  to  strike  the  coins,  and  good 
workmanship  in  the  coinage. 
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The  American  Diamond  Rock  Boring  Co.,  Providence,  R.  I.,  U.  S. 

31  DIAMOND  POINTED  ROCK   DRILL. 

Report, — ^Commended  for  originality  of  method,  simplicity  in  its  construction,  con- 
venience in  its  application,  value  of  results  obtained,  cheapness,  and  remarkable  speed. 


The  Waring  Rock  Drill  Co.,  New  York,  N.  Y.,  U.  S. 

32  ROCK  DRILL. 

Report, — Commended  for  simplicity  in  its  construction,  easy  handling,  its  light  weight, 
speed  in  operation,  and  automatic  rotation  and  feed. 


Skultuna  Co.  (Limited),  Westeras,  Sweden. 

33     BRASS  TITBES,  WIRE,   AND   PLATE;   UTENSILS  MADE  OF  SHEET  BRASS;   BELLS  MADE 

OF  CAST  BRASS;   BRASS  HARDWARE. 

■ 

Report, — Commended  for  excellent  quality  of  material  used,  fine  finish  of  the  goods, 
and  low  price  of  the  products. 

Karlskrona  Galvanizing  Co.  (Limited),  Karlskrona,  Sweden. 

34  GALVANIZED  SHEET  IRON. 

Report. — Commended  for  superior  quality  of  stock  used  and  even  coating  of  zinc ;  an 
excellent  article. 


SIGNING  JUDGES  OF  SUPPLEMENT  TO  GROUP  I. 


The  figures  annexed  to  the  names  of  the  Judges  indicate  the  reports  written  by  them 
respectively. 

J.  Fritz,  i,  3,  4,  s,  10,  11,  12,  15,  20,  21,  23,  25. 

Coleman  Sellers,  2,  6,  7,  8,  13,  14,  16,  18,  19,  24,  26,  27,  30,  n^  34. 

Chas.  Staples,  9,  22. 

H.  K.  Oliver,  17. 

L.  Nicholsky,  28,  29,  31,  32. 
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SYSTEM   OF   AWARDS 


[Extract  from  Circular  of  April  8,  1876.] 

Awards  shall  be  based  upon  written  reports  attested  by  the  signatures  of 
their  authors. 

The  Judges  will  be  selected  for  their  known  qualifications  and  character, 
and  will  be  experts  in  departments  to  which  they  will  be  respectively 
assigned.  The  foreign  members  of  this  body  will  be  appointed  by  the 
Commission  of  each  country  and  in  conformity  with  the  distribution  and 
allotment  to  each,  which  will  be  hereafter  announced.  The  Judges  from 
the  United  States  will  be  appointed  by  the  Centennial  Commission. 

Reports  and  awards  shall  be  based  upon  inherent  and  comparative  merit. 
The  elements  of  merit  shall  be  held  to  include  considerations  relating  to 
originality,  invention,  discovery,  utility,  quality,  skill,  workmanship,  fitness 
for  the  purposes  intended,  adaptation  to  public  wants,  economy  and  cost. 

Each  report  will  be  delivered  to  the  Centennial  Commission  as  soon  as 
completed,  for  final  award  and  publication. 

Awards  will  be  finally  decreed  by  the  United  States  Centennial  Com- 
mission, in  compliance  with  the  Act  of  Congress,  and  will  consist  of  a 
diploma  with  a  uniform  Bronze  Medal,  and  a  special  report  of  the  Judges 
on  the  subject  of  the  Award. 

Each  exhibitor  will  have  the  right  to  produce  and  publish  the  report 
awarded  to  him,  but  the  United  States  Centennial  Commission  reserves  the 
right  to  publish  and  dispose  of  all  reports  in  the  manner  it  thinks  best  for 
public  information,  and  also  to  embody  and  distribute  the  reports  as  records 
of  the  Exhibition. 


ORGANIZATION   AND   DUTIES   OF   THE   JUDGES. 

[^Extract  from  Circular  of  May  I,  1876.] 

Two  hundred  and  fifty  Judges  have  been  appointed  to  make  such  reports, 
one-half  of  whom  are  foreigners  and  one-half  citizens  of  the  United  States. 
They  have  been  selected  for  their  known  qualifications  and  character,  and 
are  presumed  to  be  experts  in  the  Groups  to  which  they  have  been  respect- 
ively assigned.     The  foreign  members  of  this  body  have  been  appointed 
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by  the  Commission  of  each  country,  in  conformity  with  the  distribution 
and  allotment  to  each,  adopted  by  the  United  States  Centennial  Com- 
mission. The  Judges  from  the  United  States  have  been  appointed  by  the 
Centennial  Commission. 

To  facilitate  the  examination  by  the  Judges  of  the  articles  exhibited, 
they  have  been  classified  in  Groups.  To  each  of  these  Groups  a  competent 
number  of  Judges  (Foreign  and  American)  has  been  assigned  by  the  United 
States  Centennial  Commission.  Besides  th*ese,  certain  objects  in  the  De- 
partments of  Agriculture  and  Horticulture,  which,  will  form  temporary 
exhibitions,  have  been  arranged  in  special  Groups,  and  Judges  will  be 
assigned  to  them  hereafter. 

The  Judges  will  meet  for  organization  on  May  24,  at  12  m.,  at  the 
Judges'  Pavilion.  They  will  enter  upon  the  work  of  examination  with  as 
little  delay  as  practicable,  and  will  recommend  awards  without  regard  to 
the  nationality  of  the  exhibitor. 

The  Judges  assigned  to  each  Group  will  choose  from  among  themselves  a 
Chairman  and  a  Secretary.  They  must  keep  regular  minutes  of  their  pro- 
ceedings. Reports  recommending  awards  shall  be  made  and  signed  by  a 
Judge  in  each  Group,  stating  the  grounds  of  the  proposed  award,  and  such 
reports  shall  be  accepted,  and  the  acceptance  signed,  by  a  majority  of  the 
Judges  in  such  Group. 

The  reports  of  the  Judges  recommending  awards  based  on  the  standards 
of  merit  referred  to  in  the  foregoing  System  of  Awards,  must  be  returned 
to  the  Chief  of  the  Bureau  of  Awards  not  later  than  July  31,  to  be  trans- 
mitted by  him  to  the  Centennial  Commission. 

Awards  will  be  finally  decreed  by  the  United  States  Centennial  Com- 
mission, in  compliance  with  the  Act  of  Congress  of  June  i,  1872,  and  will 
consist  of  a  spiecial  report  of  the  Judges  on  the  subject  of  the  Award, 
together  with  a  Diploma  and  a  uniform  Bronze  Medal. 

Upon  matters  not  submitted  for  competitive  trial,  and  upon  such  others 
as  may  be  named  by  the  Commission,  the  Judges  will  prepare  reports  show- 
ing the  progress  made  during  the  past  hundred  years. 

Vacancies  in  the  corps  of  Judges  will  be  filled  by  the  authority  which 
made  the  original  appointment. 

No  exhibitor  can  be  a  Judge  in  the  Group  in  which  he  exhibits. 

An  exhibitor,  who  is  not  the  manufacturer  or  producer  of  the  article 
exhibited,  shall  not  be  entitled  to  an  award. 

The  Chief  of  the  Bureau  of  Awards  will  be  the  representative  of  the 
United  States  Centennial  Commission  in  its  relations  to  the  Judges.  Upon 
request,  he  will  decide  all  questions  which  may  arise  during  their  proceed- 
ings in  regard  to  the  interpretation  and  application  of  the  rules  adopted  by 
the  Commission  relating  to  awards,  subject  to  an  appeal  to  the  Commis- 
sion. 

A.  T.  GOSHORN, 

Director-  General. 


S  YSTEM  OF  A  WARDS,  V 

[Extract  from  Director- GeneraPs  Address  to  Judges ^  May  24,  1876.] 

''  The  method  of  initiating  awards  which  we  have  adopted  differs  in  some 
respects  from  that  pursued  in  previous  exhibitions.  In  place  of  the  anony- 
mous verdict  of  a  jury,  we  have  substituted  the  written  opinion  of  a  Judge. 
On  this  basis  awards  will  carry  the  weight  and  guarantees  due  to  individual 
personal  character^  ability,  and  attainments,  and  to  this  extent  their  reli- 
ability and  value  will  be  increased.  It  is  not  expected  that  you  will  shower 
awards  indiscriminately  upon  the  products  in  this  vast  collection.  You 
may  possibly  find  a  large  proportion  in  no  way  raised  above  the  dead  level, 
nor  deserving  of  particular  notice.  The  standard  above  which  particular 
merit  worthy  of  distinction  begins  is  for  you  to  determine.  In  this  regard 
I  have  only  to  express  the  desire  of  the  Centennial  Commission,  that  you 
should  do  this  with  absolute  freedom,  and  when  you  meet  with  a  product 
which  you  consider  worthy  of  an  award,  we  desire  you  to  say,  in  as  few 
words  as  you  may  deem  suitable,  why  you  think  so. 

"  This,  gentlemen,  is  all  we  ask  of  you  in  the  Departments  of  Awards. 
Opinions  thus  expressed  will  indicate  the  inherent  and  comparative  merits, 
qualities,  and  adaptations  of  the  products, — information  which  the  public 
most  desires. 

"  Elaborate  general  reports  and  voluminous  essays,  though  of  great  value 
as  sources  of  general  information,  give  little  aid  in  determining  the  reliable 
or  intrinsic  merits  of  particular,  individual  products. 

''  The  regulations  which  have  been  published  divide  the  work  of  awards 
into  three  parts: 

"  ist.  The  individual  work  of  the  Judges. 

*'  2d.  The  collective  work  of  the  groups  of  Judges. 

"  3d.  The  final  decisions  of  the  United  States  Centennial  Commission 
in  conformity  with  the  acts  of  Congress. 

''Each  award  will  thus  pass  three  ordeals,  which,  doubtless,  will  be 
ample  and  satisfactory." 


GROUP    II. 


JUDGES. 


AMERICAN. 

QuiNCY  A.  GiLLMORE,  New  York. 
Arthur  Beckwith,  New  York, 
E.  T.  Cox,  Indiana. 
Hector  Tyndale,  Pennsylvania. 
Henry  Wurtz,  New  Jersey, 
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R.  H.  SoDBN  Smith,  Great  Britain. 

G.  Sbelhorst,  Germany. 

Ch.  de  Bussy,  France. 

Adolf  E.  Nordenskiold,  Sweden. 

K.  NoTOMi,  Japan. 
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GROUP   II. 


POTTERY,  GLASS,  ARTIFICIAL  STONE,  Etc. 

t 

Class  206. — Bricks,  drain-tiles,  terra-cotta,  and  architectural  pottery. 
Class  207. — Fire-clay  goods,  crucibles,  pots,  furnaces,  bricks,  and  slabs. 
Class  208. — Tiles — plain,  enameled,  encaustic ;  geometric  tiles  and  mosaics.    Tiles 
for  pavements  and  for  roofing,  etc. 

Class  209. — Porcelain  for  purposes  of  construction — ^hardware  trimmings,  etc. 
Class  210. — Stone  china,  for  household  use,  for  chemists,  druggists,  etc.  j  earthenware, 
stone-ware,  faience,  etc. 

Class  211. — Majolica  and  Palissy  ware. 
Class  2x2. — Biscuitware,  Parian,  etc. 

Class  213. — Porcelain  ware  for  table  and  toilet  use,  and  for  decoration. 
Class  214. — Glass  used  in  construction  and  for  mirrors.     Window  glass  of  various 
grades  of  quality  and  of  size.     Plate  glass — rough,  and  ground  or  polished.     "  Toughened 
glass.*' 

Class  215. — Chemical  and  pharmaceutical  glass-ware,  vials,  bottles. 
Class  216. — ^Table  glass  and  movable  decorative  glass-ware. 

Class  219. — Stained  and  enameled  glass,  cut  and  engraved  window  glass,  signs, 
lanterns  and  similar  decorative  objects. 

Class  103. — Lime  cement  and  hydraulic  cement  raw  and  burned,  accompanied  by 
specimens  of  the  crude  rock,  or  material  used,  also  artificial  stone,  concrete,  beton. 

Specimens  of  lime  mortar  and  mixtures,  with  illustrations  of  the  processes  of  mixing, 
etc. 

Beton  mixtures  and  results,  with  illustrations  of  the  processes. 
Artificial  stone  for  building  purposes  building,  blocks,  cornices,  etc. 
Artificial  stone  mixtures,  for  pavements,  walls,  or  ceilings. 
Plasters,  mastics,  etc. 

Class  517. — Brick,  pottery,  and  tile  machines.      Machines  for  making  artificial 
stone. 

Class  518. — Furnaces,  moulds,  blow-pipes,  etc.,  for  making  glass  and  glass-ware. 
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GENERAL   REPORT 
JUDGES    OF   GROUP   II. 


Philadelphia,  December  30,  1876. 

Prof.  Francis  A.  Walker,  Chief  "of  the  Bureau  of  Awards : 
Sir, — I  have  the  honor  to  transmit  to  you  herewith  the  awards 

determined  upon  in  Group  II.,  "  Pottery,  Porcelain,  Glass,"  etc. 
I  beg  also  to  present  the  detailed  report  which  my  colleagues  and 

myself  have  prepared.     This  report  contains : 

1.  Introductory  remarks  on  the  Development  of  the  Art  of  Pottery 
and  Porcelain  in  Europe  during  the  past  century,  and  observations  on 
the  scope  and  general  character  of  the  present  exhibition  of  ceramic 
wares.  • 

2.  Notices  of  the  collections  shown  by  each  exhibitor  in  the  classes 
of  Pottery  and  Glass,  whether  commended  for  award  or  not. 

3.  A  few  special  notices  of  interesting  and  instructive  objects 
coming  within  the  Group  but  not  shown  for  competition, 

4.  Statistics  respecting  the  position  and  development  of  the  pottery 
industry  in  the  United  States. 

J.  A  report  of  the  results  of  testing  the  cements,  and  of  the  exami- 
nation of  the  brick-kilns,  furnaces,  and  brick-making  machines. 

6.  A  report,  with  careful  analysis,  pf  some  of  the  potting  materials 
exhibited  in  the  Japanese  Section. 

Very  respectfully  yours, 

R.  H.  SODEN  SMITH, 

Chairman  of  Group  II, 
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GROUP  II. 

POTTERY,  PORCELAINS,  BRICKS,  CLAYS,  CE- 
MENTS, AND  THEIR  MATERIALS,  ETC. 

It  may  not  be  out  of  place,  before  making  some  general  observa- 
tions on  the  exhibition  of  pottery  and  porcelain  brought  together  in 
the  International  Exhibition  Buildings,  to  allude  briefly  to  the  position 
and  progress  of  the  potter's  art  in  Europe  during  the  last  century. 

A  hundred  years  ago  hard  porcelain,  which  had  been  develop>ed 
in  Germany  from  the  discovery  of  Bottcher,  had  attained  perhaps  the 
highest  point  of  its  excellence  at  Meissen.  At  the  same  time  many 
other  manufactories,  more  or  less  important,  had  possessed  themselves 
of  the  secret  of  the  manufacture,  and  were  producing  in  some  cases 
works  of  considerable  importance  and  merit.  The  traditions  of  these, 
as  may  be  seen  by  observations  occurring  in  the  following  report, 
have  not  been  lost,  and  in  several  cases  have  favorably  influenced  the 
present  productions  from  various  countries  besides  Germany.  Hard 
porcelain  was  also  produced  in  Italy  at  Capo-di-Monte,  and  a  similar 
and  derived  style  at  Buen  Retiro,  in  Spain, — the  products  of  both 
localities  being  marked  by  very  characteristic  design  and  method  of 
ornament ;  their  groups  of  figures  in  relief  and  their  vigorous  mould- 
ings often  showing,  despite  a  certain  rococo  extravagance,  real  artistic 
feeling  and  a  picturesqueness  of  effect.  In  England,  about  the  same 
date,  hard  porcelain  was  attempted  with  fair  success  at  Plymouth, 
and  a  little  later  at  Bristol  was  made  excellently  well.  The  Count 
Brancas  Lauragais,  coming  from  France  to  England,  also  produced 
some  few  examples  of  a  most  compact  and  fine  porcelain  decorated  in 
the  style  of  Chelsea. 

At  Sevres  Jiard  porcelain  began  to  be  made  in  1768-9,  and  con- 
tinued to  be  produced,  together  with  the  more  celebrated  and  suc- 
cessful soft  porcelain,  or  pdte  tendre,  until  about  1800.  In  1804 
the  eminent  chemist  Brongniart,  then  director,  unfortunately  dis- 
continued the  making  of  pdte  tendre,  and  confined  the  work  of  the 
factory  to  what  seemed  to  him  the  only  true  material,  namely,  hard- 
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bodied  porcelain.  Of  late  years  the  soft-body  has  again  been  used, 
and  with  success.  The  hard  Sevres  porcelain  has  unquestionably 
great  merit  for  purity  of  material  and  singular  skill  in  the  potting,  but 
in  decorative  effect  it  can,  under  few  conditions,  ever  compete  with 
the  old  pdte  tendre.  Hard  porcelain  was  also  produced  in  Russia,  at 
St.  Petersburg,  as  also  at  Copenhagen  and  elsewhere,  and  in  these  as 
in  other  localities  the  traditions  of  the  last  century  happily  survive. 

Passing  next  to  the  history  of  soft  or  artificial  porcelain  in  Europe, 
we  find  it  just  a  century  ago  at  the  highest  point  of  excellence  to 
which,  as  a  decorative  material,  it  ever  attained.  The  pate  tendre  of 
Sevres  was  scarcely  approached  in  its  own  day  for  certain  qualities 
of  artistic  effect,  and  has  never  been  equaled  since.  Previously,  how- 
ever, to  this  chief  triumph  of  a  special  manufacture,  various  attempts 
had  been  made  to  discover  the  mystery  of  porcelain-making  and 
interesting  experiments  had  been  tried, — not  without  curious  results. 
In  1 585,  at  Florence,  Francisco  de'  Medici  made  porcelain  of  artificial 
body  with  the  aid  of  a  chemist,  or  more  properly  an  alchemist,  who 
was  attached  to  his  service ;  the  art,  however,  was  soon  lost,  the  re- 
sults being  curious  rather  than  successful.  It  is  almost  needless  to 
say  that  examples  of  this  Florentine  manufacture,  a  coarse  white 
body  with  blue  decoration  of  peculiar  character,  are  extremely  rare ; 
they  are,  for  the  most  part,  marked  underneath  with  a  rude  outline 
of  the  duomo  at  Florence,  or  with  the  Medici  arms  containing  the 
initials  of  the  Duke's  name  and  titles. 

No  further  record  of  soft  porcelain  occurs  until  167 1,  when  Dr. 
Dwight  made  at  Fulham  a  porcelain  of  artificial  body, — the  first  at- 
tempt, so, far  as  is  known,  to  introduce  any  "  china"  manufacture  into 
Great  Britain.  The  works  did  not  advance,  and  it  was  not  until 
about  1740  that  the  manufacture  fairly  took  root  in  that  country.  At 
that  date  porcelain  of  varying  quality  was.  produced  at  Bow,  some  of 
a  very  soft  frit,  and  another  variety,  dense,  heavy,  and,  for  an  artificial 
body,  unusually  hard, — Oriental  porcelain,  ground  up,  being  some- 
times used  in  the  composition.  A  little  subsequent  to  the  above 
date  the  Chelsea  factory  commenced  work,  and  in  its  best  time,  about 
one  hundred  years  ago,  had  a  great  success.  Its  choice  figures, 
although  often  deficient  in  modeling,  are  the  best  in  texture  of  any 
soft  porcelain,  and  the  finest  vases  and  other  ornamental  pieces  are 
richer  in  color  and  gilding  than  those  of  other  European  factories, — 
though  wanting  in  the  symmetry  and  cleanness  of  line  notable  in 
Dresden  work,  and  still  more  wanting  in  the  refinement  characteristic 
of  the  highest  class  of  Sevres. 

In  175 1  soft  porcelain  was  made  at  Worcester,  and  in  a  few  years 
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was  produced  there  of  such  delicacy  as  to  be  put  in  competition  with 
Oriental  "  egg-shell."  Many  other  localities  took  up  the  manufacture, 
which  continued  with  varying  success  through  the  period  of  art  de- 
cadence in  the  first  forty  years  of  the  present  century,  until  a  fresh 
impulse  was  given  and  vigorous  life  again  infused  into  the  art  in  no 
small  degree  hy  the  efforts  of  the  late  Mr.  Minton.  In  France,  how- 
ever, as  early  as  1698,  soft  porcelain  was  made  at  St.  Cloud.  In 
1753  the  first  porcelain  was  made  at  Vincennes,  and  during  the  fol- 
lowing year  the  works  were  transferred  to  Sevres  and  taken  under 
royal  patronage.  The  manufacture  quickly  accomplished  its  pro- 
posed aim,  the  production  of  refined  and  luxurious  objects  suited  to 
the  artificial  and  courtly  life  of  the  period,  by  no  means  intended  or 
fitted  for  daily  use,  but  keeping  themselves  apart  from  the  grosser 
works  in  clay,  as  though  they  too,  like  their  masters,  were  an  aristoc- 
racy ;  and  in  truth,  a  choice  Sevres  vase,  of  the  finest  pate  iendre^ 
placed  among  the  products  that  seek  to  compete  with  it,  has  a  cer- 
tain air  of  refinement,  looking  a  gentleman  among  a  mob.  The 
secret  of  success  was  in  the  employment  of  the  most  capable  artists 
then  living  in  France,  and  these  men,  though  mostly  unequal  to 
works  of  any  nobility  in  art,  were  wonderfully  skillful  in  decoration 
and  subtle  in  their  conception  of  what  was  most  fitted  to  emphasize, 
by  judicious  contrast  of  material,  the  voluptuous  surroundings  of  a 
gorgeous  and  artificial  life. 

Thus  were  conceived  the  pastoral  subjects,  bright  with  Arcadian 
impossibilities,  seeming  to  be  made  possible  by  the  surpassing  dex- 
terity of  their  artists, — dreams  of  rose-leaf  life,  touched  with  a  light- 
ness and  fairy-like  grace,  as  though  the  pencil  were  unconscious  of 
any  severer  toil  than  that  of  indicating  courtly  shepherds  and  lan- 
guishing shepherdesses.  Groups  of  Cupids  and  wreaths  of  flowers 
were  a  specially  favorite  decoration,  and  occasionally  a  descent  to  such 
sublunary  existence  as  an  actual  landscape  or  a  sea-view.  In  the 
finest  specimens  the  texture,  so  to  'speak,  of  the  porcelain  is  of  the 
utmost  delicacy,  and  the  glaze  into  which  the  colors  sink  and  blend 
softly  is  like  satin  to  the  touch.  Such  examples,  when  enriched  with 
brilliant  turquoise,  ^'  bleu  de  Roi^'  or  ''Rose  du  Barry  I*  are  now  of 
priceless  estimation.  At  many  other  localities  in  France  soft  porce- 
lain of  great  beauty  was  produced,  but  ultimately  its  manufacture 
was,  for  the  most  part,  superseded  by  that  of  "hard-body,"  now  the 
staple  production  of  the  French  factories.  Elsewhere  in  Europe,  as 
at  The  Hague,  soft  porcelain  of  delicate  quality  was  produced,  and 
at  Amstel,  near  Amsterdam,  a  medium  body  of  rich  appearance  was 
made,  but  these  factories  were  comparatively  short-lived. 
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Turning  next  to  the  manufacture  of  Pottery*  in  Europe  during  the 
past  century,  we  find  that  for  the  most  part  in  the  southern  countries, 
as  also  in  France  and  Germany,  the  producers  were  living  on  the 
traditions  of  the  past  rather  than  applying  new  materials  or  inventing 
fresh  processes.  In  Spain  and  Sicily  the  traditional  pottery  that  had 
descended  from  the  time  of  the  Romans  was  still  to  be  found,  and  the 
durable  remembrance  of  the  long  Moorish  occupation  was  seen  in  the 
lustred  azulejos,  or  wall  tiles,  and  the  large  circular  dishes  still  en- 
riched with  gorgeous  color  retaining  something  of  its  original  Oriental 
harmony.  In  Italy,  the  once  celebrated  majolica  had  sunk  to  the  faint 
reflection  of  its  decorative  brilliancy  to  be  found  in  the  productions 
emanating  from  the  Abruzzi.  Now  and  then  a  flicker  of  art  would 
brighten  up,  as  when  Volpato  made  some  beautiful  white  glazed 
earthenware  at  Rome  in  the  beginning  of  the  present  century.  In 
France,  some  souvenir  of  Palissy  was  preserved,  and  the  rich  wares 
of  Nevers  were  not  forgotten,  while  at  Rouen,  Moustiers,  Marseilles, 
and  elsewhere  very  decorative  faiences,  having  in  each  locality  some 
distinctive  character,  were  successfully  produced. 

In  Germany,  at  Nuremberg  and  elsewhere,  in  Franconia  and  on 
the  Rhine,  the  traditions  of  various  glazed  potteries  and  of  excellent 
stoneware,  Steingtit  or  Gres,  still  supported  a  considerable  amount 
of  production,  the  ancient  designs  and  even  the  moulds  being,  in 
some  cases,  still  in  use.  In  England,  the  fine  red  ware,  introduced 
by  the  brothers  Alers  and  made  in  the  early  part  of  the  eighteenth 
century,  was  feebly  continued,  but  an  excellent  white  salt-glazed  ware 
of  remarkable  delicacy  was  successfully  produced.  About  1750 
Whieldon  was  at  work  on  his  tortoise-shell,  mottled,  and  other  wares. 
With  him  was,  for  a  time,  associated  Josiah  Wedgwood,  and  when 
this  remarkable  man  began  to  work  independently  he  revolutionized 
the  position  of  the  potter's  art  in  England.  It  is  needless  to  dwell 
on  the  variety  of  the  wares  he  invented  and  produced,  but  it  may  be 
well  to  note  that  he  sought  in  every  way  to  aid  his  own  fine  judgment 
and  perception  by  securing  the  aid  not  alone  of  artistic  excellence  but 
of  accomplished  scholarship.  It  is  a  matter  of  regret  that  the  house 
which  inherits  the  name  of  Wedgwood,  and  not  unworthily  represents 
his  energy  and  enterprise,  does  not  compete  in  the  Exhibition. 

Any  great  success  raises  a  swarm  of  rivals  or  imitators,  and  thus 
the  jasper,  basalt,  cream,  and  other  wares  invented  by  Wedgwood 
were  copied,  and  often  with  success,  by  Turner,  Neale,  Adams,  etc. 


♦  Using  here  the  word  "  pottery"  as  including  all  earthenware  except  porcelains  or 
translucent  "bodies." 
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The  impetus  thus  given  to  the  art  of  pottery  in  England  was  great, 
and  made  itself  felt  on  the  Continent.  At  Dresden  and  Sevres,  objects 
in  the  style  of  Wedgwood's  jasper,  but  in  different  materials,  were 
produced,  and  some  of  these  are  very  elegant  In  England  a  great 
variety  of  wares  continued  in  the  market,  but  without  originality,  till 
the  art-influence  which  has  been  at  work  during  the  last  few  years 
began  to  tell,  and  the  results  of  the  first  great  International  Exhibi- 
tion of  185 1  became  gradually  apparent. 

At  that  great  gathering  England  perceived  that,  however  she  may 
have  progressed  in  industrial  processes,  she  lagged  behind  her  chief 
competitors  in  industrial  design,  and  since  that  period  resolute  efforts 
have  been  made  to  remedy  a  shortcoming  so  serious  and  disastrous. 
Evidence  of  the  progress  made  is  given  in  the  present  Exhibition,  but 
it  would  have  been  much  more  satisfactory  if  those  establishments 
whose  productions  are  partly  displayed  by  others  had  themselves 
entered  into  the  competition,  and  proved  that  their  resources  of  pro- 
duction are  equal  to  the  display  of  objects  possessing  a  new  and 
original  excellence  rather  than  a  remembrance  of  what  has  been 
done  in  former  years. 

It  now  remains  to  touch  on  the  characteristics  of  the  present  Ex- 
hibition of  Pottery  and  Porcelain  as  a  whole. 

The  display  is  extensive  and  important,  and  the  field  covered  is  a 
very  wide  one.  The  number  of  exhibitors,  including  those  of  glass- 
wares, hereinafter  reported  upon,  is  592 ;  of  these,  393  are  external  to 
the  United  States  and  199  are  from  the  United  States.  Of  the  ex- 
hibitors from  distant  countries,  some  have  brought  collections  of 
great  extent  in  the  number  of  pieces,  and  of  importance  as  regards 
the  size  and  value  of  individual  specimens. 

The  objects  shown  include  porcelain,  of  hard  and  soft  body;  bis- 
cuit, Parian,  porcelain-trimmings,  and  chemical  porcelain ;  various 
stonewares  with  colored  glazes,  with  salt  and  lead  glazes ;  pottery  of 
hard  body,  called  "  granite"  ware,  and  the  softer  "  C  C,"  or  cream- 
colored  wares;  fine  faience  of  solid  body,  and  soft  faiences  of  a  great 
variety  of  material  and  glazes;  "Majolica"  and  "Palissy"  wares; 
terra-cotta  for  architectural  and  other  purposes ;  tiles  of  many  varie- 
ties, for  flooring,  wall  decoration,  ceiling,  and  roofing, — these  are  of 
various  bodies,  from  extreme  hardness  to  the  softness  of  ordinary 
faience;  mosaics  for  floor  or  wall  ornament;  also  bricks,  drain-pipes, 
and  fire-clay  goods,  as  crucibles,  pots,  furnaces,  etc.  In  addition  to 
these  objects  are  shown  cements,  with  specimens  of  the  crude  mate- 
rials, artificial  stones,  plasters,  brick-  and  tile-making  machines.  A 
special  report,  with  results  of  the  testing  of  these  cements,  is  included 
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in  the  following  document  There  are  also  specimens  of  various 
clays  and  other  materials  used  in  the  manufacture  of  porcelain.  A 
special  report,  with  the  results  of  the  analyses  of  some  of  the  most 
interesting  of  these  clays,  is  hereto  appended. 

In  respect  of  porcelain,  Europe  is  not  represented  at  her  best; 
some  of  the  chief  English  houses,  as  has  already  been  stated,  have 
not  themselves  entered  into  competition.  The  great  national  estab- 
lishment at  Sevres  is  but  imperfectly  represented  by  certain  examples, 
exhibited  as  objects  of  decorative  art  in  the  Memorial  Building. 
Neither  is  the  collection  from  Germany  such  as  might  have  been  ex- 
pected. On  the  other  hand,  the  range  of  representation  in  the  Exhi- 
bition is  very  wide  and  the  variety  great. 

Oriental  porcelain,  that  is  of  Chinese  and  Japanese  origin,  is  repre- 
sented by  collections  of  great  interest,  extent,  and  variety.  Most 
especially  the  Japanese  exhibition  is  of  first-rate  value,  and  it  con- 
stitutes the  most  important  contribution  to  the  Ceramic  Department 
which  has  been  brought  together  by  any  one  country.  It  may  not, 
therefore,  be  out  of  place  to  dwell  on  the  nature  of  this  remarkable 
display  of  attractive  and  gorgeous  products  of  the  potter's  art. 

It  must  be  premised  that  the  Oriental  art  in  porcelain,  even  where 
the  specimens  are  freshly  made,  is,  in  fact,  ancient  art.  Whatever 
innovation  has  been  introduced  has  proved  disadvantageous,  and  just 
so  much  as  the  artists  have  adhered  to  the  old  paths  success  seems 
to  wait  upon  them.  This  is,  indeed,  not  encouraging,  but  so  true 
does  it  seem,  that  the  Japanese,  despite  their  wonderful  desire  for 
progress  and  their  power  of  assimilating  Western  notions,  are  them- 
selves aware  that  their  art  deteriorates  when  sought  to  be  "  improved" 
by  European  influence.  Another  cause  of  deterioration,  however,  has 
been  unfavorably  at  work, — the  desire  to  supply  rapidly  a  foreign 
and  undiscriminating  market,  and  thus  inferior  productions,  carelessly 
and  hastily  made,  have  in  large  quantities  been  exported.  To  purely 
Western  notions,  the  peculiar  influence  of  tradition  on  art  is  not  easy 
to  realize.  The  conception  of  subject,  the  method  of  design,  the 
laws  of  ornament  are  in  great  measure  fixed  not  less  than  the  pro- 
cesses by  which  the  work  to  be  done  is  carried  out.  Thus,  in  India 
the  arts  of  the  goldsmith,  to  mention  no  others,  are  traditional,  and 
in  China  those  of  the  potter;  until  recently  this  has  been  the  case  in 
Japan  also,  though,  owing  to  the  superior  energy  of  the  race,  not  in 
so  marked  a  degree.  Happily,  the  efforts  made  to  do  justice  to  their 
country's  art,  on  the  occasion  of  the  present  Exhibition,  seem  to  have 
specially  drawn  the  attention  of  native  artists  to  the  danger  of  aban- 
doning the  ancient  traditions  of  their  country.     The  seats  of  manu- 
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facture  more  notably  represented  are  various  localities  in  the  prov- 
inces of  Satsuma  and  Kaga,  and  the  city  of  Kiyoto,  for  stonewares 
and  earthenwares,  and  for  porcelain,  factories  in  the  provinces  of  Ise 
and  Owari,  and  Arita  in  Hizen.  All  have  their  distinctive  character- 
istics, not  so  much  of  material  as  of  style,  and  all  seem  to  be  influ- 
enced by  peculiar  traditions. 

The  earthenwares  known  as  Satsuma  and  Kiyoto  wares  are  rep- 
resented by  a  very  large  and  varied  collection,  tfie  work  of  many 
producers;  the  soft,  creamy-colored  ground,  its  delicacy  of  tone, 
enhanced  by  the  reticulation  of  minute  cracks  which  pervade  the  glaze, 
form  a  most  effective  surface  on  which  to  scatter  the  profusion  of 
flowers,  birds,  insects,  etc.,  in  which  the  ornamentalist  delights.  These 
are  conceived  with  a  singular  power  of  seizing  the  salient  or  most 
expressive  features  of  each  object,  and  touched  with  a  lightness  of 
hand  and  felicitous  freedom  that  can  scarcely  be  surpassed.  The 
balance  of  parts  also  is  preserved  in  the  midst  of  quaintness  of  idea 
and  an  almost  extravagance  of  freedom.  In  all  the  finer  pieces  the 
colors,  not  generally  of  a  high  key,  are  yet  sufficiently  brilliant  and 
always  harmonious.  Where  the  human  figure  occurs,  expression  and 
color  alone  seem  aimed  at,  and  the  grotesque  manner  of  delineating 
the  contour  and  the  limbs  excites  surprise  when  compared  to  the 
truth,  as  well  as  the  vigor,  often  notable  in  the  representations  of 
birds,  some  of  the  lower  animals,  and  insects. 

Among  the  pieces  shown  are  examples  of  imitation  of  ancient 
works,  so  ingenious  and  curiously  antiquated  in  appearance  as  to 
deceive  a  practiced  eye.  Besides  the  lessons  to  be  learned  from  the 
ornamentation  of  these  attractive  wares,  the  skill  of  the  potters  de 
serves  both  recognition  and  study.  The  moulding  is  at  times  of 
surprising  clearness  and  ingenuity,  and  the  tours  deforce,  so  to  speak, 
in  potting  are  very  remarkable;  as,  for  example,  a  pair  of  large  cylin- 
drical vases  surrounded  by  a  complete  case  of  open-work  of  oviform 
outline,  even  and  true  in  execution.  Some  of  the  stonewares  are  of 
dense  texture,  and  decorated  in  a  bold,  free,  and  effective  manner,  the 
colors  being  usually  in  what  is  known  as  enamel-painting,  somewhat 
solidly  laid  on  and  slightly  relieved  from  the  surface. 

Of  the  porcelain,  some  of  the  specimens  exhibited  are,  as  regards 
the  technicalities  of  their  manufacture,  among  the  most  remarkable 
efforts  of  the  art  ever  shown.  Vases  8  feet  high,  formed  in  two 
portions,  are  perfectly  potted  and  gorgeously  decorated;  others 
about  7  feet  high,  in  blue  and  white,  are  splendid  examples  of  skill 
and  of  effective  decoration.  The  building  up  of  these  great  vessels 
is  considered  a  very  difficult  feat,  and  the  manufacture  of  the  above- 
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mentioned  vases  was,  we  understand,  specially  undertaken  for  this 
Exhibition. 

To  European  and  American  potters,  perhaps  still  more  remarkable 
are  the  large  flat  slabs  exhibited.  One  of  these,  described  in  the 
report,  is  nearly  6  feet  in  diameter,  a  wonderful  example  of  manufac- 
ture in  hard  porcelain;  this  is  also  notable  for  the  beauty  and  bold- 
ness of  its  decoration  of  flowers  in  blue  on  the  white  ground.  A 
pair  of  screens  formed  of  slabs  of  thick  porcelain,  38  by  26  inches, 
are  remarkable,  not  alone  for  their  fine  ground-color  of  deep  blue, 
with  sprays  of  bamboo  in  white  left  out  sharp  and  clean,  but  for  the 
dexterity  with  which  the  method  of  supporting  them  in  the  oven  has 
been  concealed,  both  sides  being  free  from  any  trace  of  "  spurs"  or 
other  methods  of  sustaining  the  large  and  weighty  mass  during  the 
process  of  baking.  It  may  have  been  that  the  traces  of  such  support 
were  removed,  and  glaze,  fusible  at  a  comparatively  low  temperature, 
used  to  conceal  the  marks  of  the  rests;  in  any  case,  they  are  rendered 
fit  for  use  as  ornamental  screens,  and  framed  so  as  to  show  both  sides 
artistically  decorated,  although  by  different  processes.  Other  remark- 
able slabs  of  porcelain,  used  as  table-tops,  have  been  propped  in  the 
oven  by  ordinary  methods. 

It  is  not  alone  in  the  unusual  size  of  the  specimens  that  the  skill 
of  the  Japanese  potters  is  shown,  but  also  in  various  examples  of  the 
utmost  dexterity  in  moulding,  in  evenness  of  line,  and  accuracy  of 
contour  of  difficult  and  complicated  forms.  The  conceptions  of  some 
of  the  works  have,  to  Western  eyes,  a  character  which  is  occasionally 
bizarre, at  times  almost  grotesque;  nevertheless, the  sense  of  proportion 
is  satisfied,  and  the  fitness  and  occasional  splendor  of  the  decoration 
give  peculiar  attractiveness  to  the  collection. 

The  exhibition  of  blue  and  white  porcelain  alone  would  place  the 
Japanese  exhibition  in  a  foremost  place.  The  painting  in  blue  un- 
derneath the  glaze  with  which  these  articles  are  for  the  most  part 
decorated,  is  stated  to  be  prepared  from  native  ore  containing  cobalt, 
and,  for  the  finer  quality,  ore  obtained  from  China.  The  skill 
and  boldness  of  the  decorative  designs  are  often  most  admirable, 
showing  a  complete  mastery  of  the  ideas  to  be  carried  out,  a  fixed 
and  certain  appreciation  of  the  conventional  treatment  appropriate 
to  the  material  and  position,  and  an  almost  unrivaled  dexterity  and 
lightness  of  hand.  The  delineations  of  certain  animals  and  birds 
have  perhaps  never  been  surpassed  in  their  fitness  for  decorative 
purposes. 

The  ware  produced  in  Kaga  is  capable  of  furnishing  examples  of 
decoration  which  are  very  striking,  and  sometimes  splendid.     The 
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ground  is  covered  in  part  or  wholly  with  a  fine  red,  produced  from  an 
oxide  of  iron ;  this  color  being  first  introduced  into  Japan  about  two 
generations  ago  by  an  artist-potter,  whose  name  it  bears,  and  in  whose 
family  the  art  of  using  the  red  color  skillfully  still  remains ;  never- 
theless, the  work  of  the  present  proprietor  is  not  considered  equal  to 
that  of  his  ancestor.  On  this  gorgeous  ground  the  most  varied  and 
complex  designs,  often  mythological,  are  applied  in  gold,  and  the 
effect  is  wonderfully  rich.  In  the  inferior  pieces,  however,  and  in  the 
imitations  of  this  decoration,  the  gold  is  over-burnished,  and  the  ex- 
cessive glitter  mars  the  artistic  effect  of  the  whole.  In  some  of  these 
last  the  deteriorative  influence  of  second-rate  European  taste  is  unfor- 
tunately apparent 

It  is  unnecessary  to  dwell,  in  any  detail,  upon  the  character  of  the 
European  productions,  but  it  may  be  as  well  to  point  out  that  some 
of  these  contributions  illustrate  what  has  often  been  observed  of  the 
almost  inexhaustible  fertility  of  the  potter's  art  in  offering  new  mate- 
rials or  new  applications  of  the  old.  Many  collections  of  the  various 
wares  exhibited  prove  how  wide  a  field,  still  opens  to  originality  and 
enterprise  in  this  the  oldest  art  in  the  world's  history.  The  artistic 
stoneware  of  which  Mr.  Doulton  is  the  originator  has  proved  so 
attractive  and  successful  a  manufacture  as  to  have  created  many  imi- 
tators in  its  own  country ;  the  best  pieces  derive  their  merit  from  the 
art-labor  bestowed  on  them,  and  prove  the  possibility,  now  as  formerly, 
of  lifting  a  common,  even  rude,  material  to  beauty  and  value  by 
securing  the  co-operation  of  artists.  The  "  Lambeth  faience,"  also 
shown  from  the  same  locality,  but  by  another  firm,  is  an  additional 
illustration  of  what  may  be  accomplished  with  mean  materials  digni- 
fied by  art. 

It  is  satisfactory  to  see  that  the  combination  of  the  products  of 
the  potter's  art  with  more  ordinary  architectural  materials  is  making 
way,  and  receiving  the  attention  which  it  deserves  from  architects  and 
decorators  of  the  exterior  and  interior  of  buildings.  In  this  direction 
the  Exhibition  contains  much  that  is  suggestive,  not  only  in  terra- 
cotta and  in  wall  and  other  tiles,  but  in  stoneware  for  panels,  bosses, 
attached  columns,  etc. ;  also  in  materials  for  mosaic  decoration,  either 
for  external  or  internal  use  on  the  walls  of  buildings.  For  many  cen- 
turies the  employment  of  pottery- ware,  especially  in  the  form  of  tiles, 
has  been  a  chief  resource  in  decoration  among  the  great  masters  of 
surface  ornament  who  enriched  the  mosques  of  Persia  and  other  coun- 
tries in  the  East.  Their  art,  modified,  but  still  effective  and  splendid, 
reached  Europe  through  Spain,  and  still  lingers  in  the  traditions  of 
that  country;   thus  we  find  displayed  in  the  Spanish  ccrflection  a* 
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variety  of  mural  and  other  tiles,  many  of  which  are  capable  of  suc- 
cessful employment  wherever  sufficient  taste  or  judgment  in  their  use 
can  be  found  or  cultivated.  The  use  of  terra-cotta  in  Europe  for 
architectural  purposes  dates  from  an  early  period.  In  the  early  part 
of  the  sixteenth  century  it  was  skillfully  employed  in  Epgland,  and 
its  great  durability  and  capacity  to  resist  the  influences  of  an  uncertain 
climate  have  been  thoroughly  proved.  Tints  can  also  be  obtained  in 
it  which  harmonize  well  with  other  architectural  materials,  so  that  it 
may  become  again,  zis  it  formerly  was,  a  valuable  aid  in  giving  char- 
acter and  finish  to  otherwise  homely  structures.  The  exhibition  of 
terra-cotta,  although  not  as  strong  as  might  be  desired,  is  nevertheless 
both  suggestive  and  interesting. 

The  considerable  and  varied  collections  of  tiles  for  flooring,  wall, 
and  other  decoration,  are  an  interesting  illustration  of  the  revival 
and  comparatively  sudden  development  of  an  important  industry. 
No  great  space  of  time  has  elapsed  since  the  use  of  ornamental  tiles 
was  a  piece  of  antiquarian  curiosity,  and  a  wall  decorated  with  them 
could  only  be  discovered  in  some  forgotten  dairy  or  obscure  passage, 
where  quaint  Dutch  or  rude  Lambeth  plaques  were  still  allowed  to 
cling  to  the  walls,  or  perhaps  some  space  could  be  found  where  the 
now  prized  Liverpool  tiles  of  Sadler  &  Green  were  still  left  in  situ. 
At  the  present  day  in  France,  England,  and  elsewhere,  almost  every 
home,  where  decoration  has  been  attempted,  has  some  portion  of  its 
interior  walls  bright  with  the  gay  color  and  quaint  with  the  clever  sub- 
jects of  modern  mural  tile-painting.  This  popular  and  pleasant  art 
is  fairly  illustrated  in  the  present  Exhibition,  and  in  the  following 
report  notices  will  be  found  of  many  specimens,  creditable  both  in 
design  and  skill  of  execution.  The  encaustic  and  other  flooring  tiles 
include  among  them  examples  of  thoroughly  excellent  work,  which 
do  infinite  credit  to  the  taste  and  judgment  as  well  as  to  the  great 
practical  knowledge  and  experience  of  their  producers. 

The  American  contributions  of  pottery  will  be  found  noticed  in 
some  detail,  not  alone  from  their  importance  as  a  manufacturing  in- 
dustry, but  also  from  the  sudden  and  remarkable  development  to 
which  they  have  attained.  The  porcelain  exhibited  is  also  specially 
noticed,  illustrating,  as  it  does,  the  first-rate  character  of  the  natural 
materials  to  be  found  in  the  United  States,  and  the  laudable  desire  to 
utilize  and  to  do  justice  to  such  materials  on  the  part  of  the  manufac- 
turers. It  has  therefore  been  thought  well  to  preface  the  account  of 
the  American  exhibition  with  a  statement  in  detail  of  the  position  of 
the  industry,  especially  of  its  more  important  seat  at  Trenton,  N.  J., 
and  to  give  statistics,  as  complete  as  could  be  obtained  in  th^  time,  of 
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the  work  being  done  by  the  energetic  men  who  are  gradually  making 
their  city  of  Trenton  the  StaflFordshire  of  America. 

In  conclusion,  it  is  but  just  to  observe  on  the  great  importance  of 
the  large  and  varied  collections  which  are  included  within  the  scope 
of  this  vast*  Exhibition  of  what  are  classed  as  ceramic  products.  The 
brief  enumeration  of  the  nature  of  the  objects  already  made  suffi- 
ciently shows  the  width  of  their  scope,  and  the  appended  report  will, 
it  IS  hoped,  illustrate  their  variety,  interest,  and  value.  In  comparison 
with  previous  International  Exhibitions,  some  classes  of  these  products 
are  better  represented,  others  less  fully ;  but  without  going  into  mi- 
nute comparison,  which  could  scarcely  be  profitable,  it  seems  un- 
questionably important  to  observe  that  however  the  collection  of 
ceramic  art  may,  as  a  whole,  stand  in  its  relation  to  other  great 
world-gatherings,  for  the  potters  of  this  country  it  should  form  an 
epoch  in  their  art.  It  should  be  a  point  of  fresh  departure,  a  season 
to  sum  up  with  impartial  scrutiny  what  has  been  done,  and  to  look 
out  with  ambitious  and  hopeful  energy  on  the  vast  field  now  occupied 
by  their  predecessors  and  rivals,  but  which  is  yet  capable  of  a  higher 
cultivation  than  it  has  hitherto  received. 

American  potters  should  not  be  content  with  the  prize  of  industrial 
success :  they  must  utilize  this  Centennial  Exhibition  in  the  manifold 
directions  in  which  it  is  capable  of  teaching  them.  From  rude,  ill- 
made  pottery  which  may  appear  despicable,  beauty  of  outline  and 
fitness  of  adaptation  is  often  to  be  learned;  from  ill-compounded 
glazes,  poorly  applied,  are  sometimes  to  be  obtained  suggestions  of 
excellent  color  and  skillfully  harmonized  ornament;  wares  of  friable  and 
ill-compacted  body  may  be  splendid  with  artistic  design  and  gorgeous 
with  superb  painting.  The  error  or  incapacity  of  the  workman  may 
be  noticed  and  shunned,  but  let  the  critic  beware  of  slighting  the 
lesson  of  the  artist, — for  such  workmen  are  artists  unconsciously, — 
often  using  by  a  sort  of  habit  the  traditions  of  their  forefathers,  some- 
times applying,  with  a  species  of  instinct,  their  innate  sense  of  color 
and  their  native  appreciation  of  the  propriety  of  ornament.  If,  there- 
fore, lessons  can  be  gained  from  objects  confessedly  imperfect,  how 
much  more  from  those  which  combine  consummate  skill  in  technical 
processes  with  excellence  of  form  and  beauty  of  decoration  ?  Happily, 
in  these  rarer  examples  the  Exhibition  is  not  wanting,  and  it  is  to  be 
hoped  that  not  a  few  among  them  will  find  permanent  resting-places 
in  either  the  public  or  private  collections  of  the  country. 

In  addition  to  these  objects,  which  from  their  nature  are  judged 
more  or  less  from  an  aesthetic  point  of  view,  and  from  which  valuable 
lessons  in  this  direction  may  be  learned,  there  is  the  varied  and  im- 
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portant  collection  of  products  of  the  potter's  art  fitted  for  mechanical 
and  scientific  use.  Respecting  these,  the  very  nature  and  wording 
of  such  awards  as  it  has  been  thought  right  to  give  will  convey  the 
best  lessons  to  the  manufacturers  and  to  others  interested  in  their 
perfection  and  consequent  utility.  Their  importance  to  a  great 
manufacturing  country — we  allude  now  to  the  various  fire-bricks, 
stonewares,  chemical  porcelains,  etc. — cannot  be  overrated,  and  they 
are  well,  and  in  some  cases  very  thoroughly,  represented  in  the  Ex- 
hibition. There  is  also  the  class  of  cements  and  crude  materials, 
besides  the  machinery  for  manufacturing  them.  Respecting  these  a 
special  report,  as  already  stated,  has  been  deemed  advantageous; 
and  the  same  is  the  case  with  regard  to  such  of  the  porcelain  clays 
as  have  been  analyzed.  They  complete  the  range  of  the  subject,  ex- 
cept in  the  treatment  of  glass  and  glass-wares,  and  it  has  been  thought 
by  the  writers  of  this  report  that  the  facts  gathered  respecting  these 
important  matters  in  the  course  of  their  investigations  may  be  of 
interest  and  value,  if  not  immediately,  at  least  in  the  future. 

Note  by  the  Editor. — Since  this  Report  was  stereotyped  its  writer  has  received  the 

following  letter,  which  is  interesting  because  it  describes  the  first  serious  e6fort  to  establish 

the  manufacture  of  porcelain  in  America : 

"  PHIX.ADBLPHIA,  April  z6, 1877. 

"  Dear  Sir, — In  compliance  with  your  request,  I  give  you  a  few  particulars  concerning 
the  first  manufacture  of  American  porcelain.  My  brother,  William  Ellis  Tucker,  of  Phila- 
delphia, was  the  first  manufacturer  of  porcelain  in  the  United  States.  He  commenced  at 
the  old  water-works,  on  the  northwest  comer  of  Schuylkill-Front  and  Chestnut  Streets,  in 
this  city,  about  the  year  1825.  In  1827  he  received  a  silver  medal  from  the  Franklin 
Institute  of  the  State  of  Pennsylvania,  and  a  similar  award  from  the  American  Institute 
of  New  York  in  1831,  both  of  which  medals  I  now  have  in  my  possession.  In  1828  I 
commenced  to  learn  the  different  branches  of  the  business  by  serving  several  years'  appren- 
ticeship to  it.  In  1830  my  brother  connected  with  his  business  the  late  Judge  Hemphill, 
of  this  city,  and  erected  a  large  china-factory  at  the  southwest  comer  of  Schuylkill-Sixth 
and  Chestnut  Streets,  with  store-house,  glazing-kilns,  enameling-kilns,  mills,  etc.  Here 
they  manufactured  large  quantities  of  fine  porcelain,  equal  to  any  in  body  and  glaze,  but 
not  in  workmanship.  My  brother  died  in  1832.  In  the  year  1837  I  leased  the  factory 
with  all  the  appurtenances,  and  continued  the  manufacture  for  some  time,  until  a  store  on 
Chestnut,  above  Seventh  Street,  which  I  had  taken,  was  filled  with  china-wares  of  my  own 
make.  I  then  discontinued  the  manufacture.  Accompanying  this  please  find  a  specimen 
of  porcelain  made,  painted,  and  gilt  by  me  in  the  year  1837. 

"  Yours  truly, 

"THOMAS  TUCKER, 
"III  North  Nineteenth  Street. 

"To  General  Hector  Tyndale." 
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GLASS  AND   GLASS-WARES  AND  THEIR  MATERIALS, 
MOULDS,  PRESSING-MACHINES,  COLORS,  Etc. 

The  exhibition  of  glass  in  Philadelphia,  however  large  in  the 
aggregate,  cannot  be  said  to  equal  in  many  respects  the  displays 
made  at  the  Paris,  Vienna,  and  other  great  Exhibitions.  Neverthe- 
less, the  gathering  together  of  examples  from  so  many  nations 
could  not  fail  to  be  interesting  and  instructive. 

Coming  within  the  scope  of  examination  by  the  writers  of  this 
report  are  exhibitions  of  all  kinds  of  glass, — table-wares,  household 
utensils,  toilet  articles,  decorative  pieces,  tiles,  lamps,  reflectors,  and 
other  pieces  for  lighting  apparatus,  "  flint-"  and  "  crown-"glass  discs 
for  lenses,  chemical  glass,  druggists',  perfumers',  and  other  wares, 
jars  and  bottles  of  all  kinds,  common  looking-  and  window-glass  of 
all  sizes,  clear  and  silvered  plate-glass  (some  of  extraordinary  dimen- 
sions), mosaics,  spun  and  woven  glass,  beads,  etc.  These  are  blown, 
cut,  pressed,  or  moulded,  engraved,  and  etched,  and  are  of  "flint," 
"  crown,"  "  crystal,"  green-  and  lime-glass  "  metals."  There  are, 
besides,  moulds  and  machines  for  pressing,  specimens  of  sand  for 
making,  and  metallic  colors  for  staining  and  painting,  glass. 

Perhaps  no  branch  of  the  arts  of  design  as  applied  to  manufactures 
better  shows  the  modern  tendency  to  the  complete  assimilation  of 
all  national  characteristic  expressions  than  does  glass-making,  or, 
rather,  glass  forming  and  decoration.  From  widely-sundered  nations 
are  here  shown  wares  so  similar  in  form  and  ornament  that  they 
might  readily  pass  for  the  productions  of  one  maker,  so  far  as  those 
points  are  concerned.  While  in  a  wide  $ense  this  uniflcation  may 
lead  to  broader  thought  and  higher  art,  it  certainly  has  no  slight 
disadvantage,  in  causing  the  loss,  or  partial  loss,  by  disuse,  of  national 
and  individual  modes  of  expression. 

It  is  probable  that  if  the  same  thought,  skill,  and  knowledge  of 
technical  processes  which  characterize  the  exquisite  porcelains  and 
pottery  from  Japan  had  been  applied  to  the  production  of  glass-wares, 
the  world  would  have  gained  largely  by  the  further  exhibition  of 
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beautiful  and  peculiar  expressions  of  art.  That  this  is  not  wholly  a 
speculation,  and  that  it  is  capable  of  illustration,  it  is  only  needed  to 
refer  to  the  beautiful  display  of  glass  made  by  Messrs.  Lobmeyr,  of 
Vienna,  with  other  Bohemian  manufacturers.  This  collection  shows 
the  effect  of  careful  preservation  and  artistic  culture  of  national  tradi- 
tional expression  in  form,  color,  and  design,  and  it  should  receive  the 
careful  consideration  of  those  who  carry  the  proper  pride  of  pursuit  to 
the  production  of  better  work. 

There  is,  perhaps,  something  in  the  nature  of  glass  which  may 
prevent  its  application  and  use  in  so  wide  a  field  of  form  and  orna- 
ment as  is  enjoyed  in  works  of  pottery.  The  very  beauty  of  the 
material  may  injure  or  destroy  the  effects  of  outline  and  decoration. 
The  almost  complete  transmission  of  light  may  conceal  or  fail  to 
reveal  a  definite  and  delicate  outline ;  or  ornament  placed  upon  the 
limpid  object  may  injure  its  beauty  of  transparency  and  so  become  a 
blemish.  In  transparent  glass  form  is  not  so  striking  nor  so  elegant 
as  in  coarser  bodies,  and  this  may  be  owing  to  its  purity.  The  older 
Venetian  glass-wares  may,  in  part,  owe  their  distinction  in  beauty  of 
form  to  their  less  transparent  nature.  If,  however,  this  difficulty  be 
real,  it  should  but  promote  deeper  studies  of  material  and  keener  in- 
vention in  their  application.  So  long  as  the  Portland  vase  remains, 
and  the  many  specimens  of  elegant  ancient  glass-ware,  we  may  hope 
for  yet  better  productions  of  beautiful  works. 

To  the  art  museums  of  Europe  we  owe  the  knowledge  which,  late 
within  this  century,  has  produced  industrial  work  in  many  branches 
reaching  into  and  almost  ranking  with  the  fine  arts.  But  it  is  to  be 
regretted  that  no  collections  of  glass  have  been  made,  or  at  least 
become  widely  known,  illustrating  the  progress  of  the  manufacture, 
by  giving  objects  for  comparison,  during  the  last  hundred  or  more 
years.  Owing  to  this  but  little  is  written  on  this  subject,  other  than 
technical  works  or  essays  upon  ancient  objects,  which  throw  no  com- 
parative light  on  the  productions  of  the  years  of  this  and  the  last 
century. 

In  the  beginning  of  the  eighteenth  century  Bohemia  produced  en- 
graved and  cut  glass-wares,  of  good  forms  in  moderate  qualities  of 
"  metal,"  using  but  little,  if  any,  lead  in  the  manufacture.  The  tradi- 
tional forms,  decorations,  and  in  many  cases  the  colors,  of  the  Bohe- 
mian wares  have  been  carefully  transmitted,  and  are  successfully 
employed  at  the  present  time.  Great  improvements  in  quality,  design, 
and  ornament  have,  however,  been  made  in  that  country  within  the  last 
thirty  years,  and  a  further  advance  seems  promising.  In  Germany,  the 
eighteenth  was  a  century  of  decadence  in  manufacture,  and  the  present 
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ceatury  opened  with  a  much  reduced  and  deteriorated  production. 
Until  about  the  years  1820-1825,  the  glass-wares  made  in  that  country 
were  fashioned  largely  after  French  models.  About  that  period  there 
sprung  up  an  intense  national  feeling  which,  developing  in  all  direc- 
tions, led  to  a  revival  of  old  German  traditions  in  every  branch  of  art, 
and  among  the  rest  the  glass-wares  of  to-day  partake  largely  of  their 
character. 

In  the  qualities  of  the  glass  itself,  or  "  metal,"  for  making  wares, 
great  improvements  have  been  made  within  this  century,  more  par- 
ticularly in  England  and  in  France.  In  the  former  country,  late  in 
the  last  century,  a  clear  and  dense  "  metal"  of  lead,  or  so-called  "  flint" 
glass,*  was  made,  and  this  "  metal,"  by  improved  methods  and  pro- 
cesses, was  soon  brought  to  great  perfection,  and  it  now  yields  brilliant 
wares,  usually  cut  into  facet  and  diamond  patterns.  Until  within 
twenty-five  years  it  seemed  that  the  manufacturers  relied,  for  effective 
appearance,  more  upon  the  extreme  brilliancy  of  the  "  metal,"  which 
they  increased  by  heavy  and  refractive  cutting,  than  upon  forms  and 
patterns,  which  were  often  coarse  and  absurd.  This  applies  also  and 
as  well  to  the  productions  of  "flint"  glass  in  the  United  States  for  the 
same  period.  So  that  in  these  cases  the  beauty  of  the  material  did 
actually  impede  the  development  of  art  in  an  important  direction. 
Since  that  time,  however,  great  advances  have  been  made  towards 
beauty  of  design  in  the  wares  produced.  This  glass  is  very  well  illus- 
trated by  the  excellent  collection  of  Messrs.  James  Green  &  Nephew, 
of  London. 

In  France  very  large  estabfishments  have  been  created,  in  which 
improved  processes  are  employed,  and  great  attention  has  been  given 
not  only  to  quality  of  material,  but  also  to  the  side  of  aesthetics  in 
the  manufacture  of  their  wares.  It  is  to  be  regretted  that  France  is 
represented  in  glass  only  by  window-plates  and  mirrors  of  excellent 
character  and  important  productions,  but  which  of  course  do  no 
justice  to  the  well-known  high  reputation  of  French  decorated  and 
decorative  glass. 

From  Germany  are  shown  only  plates,  mirrors,  and  window-glass, 
as  is  also  the  case  in  the  exhibition  from  the  Netherlands.  The  same 
may  be  said,  with  one  or  two  exceptions,  of  the  exhibits  from  Belgium. 
That  country  contains  a  number  of  important  establishments,  and  one, 
or  more  of  them,  is  well  known  for  large  production  of  good  wares. 
Sweden  shows  an  advance  in  her  manufacture,  as  may  be  said  also  of 

*  So  called  because  at  one  time  and  to  a  small  extent  flints  were  ground  and  reduced 
to  a  powder,  to  produce  what  was  believed  to  be  a  better  material,  but  this  process  is  no 
longer  employed. 
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Norway.  Spain  and  Portugal  each  furnishes  a  collection,  and  in  these 
countries,  in  which  the  other  exhibits  are  so  strongly  national  and 
characteristic,  it  is  curious  to  observe,  as  in  the  Scandinavian  and 
other  countries,  how  completely  this  art  has  employed  the  almost 
universal  modem  types.  Italy  shows  not  many,  but  characteristic 
examples,  illustrating  very  fairly  the  traditional  form  and  ornament 
of  Venice.  As  has  been  said,  Austria  is  very  handsomely  represented 
in  Bohemian  glass,  showing  a  great  advance  in  valuable  qualities 
within  the  last  twenty-five  years. 

The  exhibition  from  the  United  States  is  a  large,  varied,  and  im- 
portant one  from  almost  every  point  of  view,  including,  as  it  does,  all 
descriptions  of  glass-wares.  Manu&ctories  of  glass  of  the  coarser 
kinds  were  established  in  this  country  as  early  as  the  war  of  the 
Revolution,  1776- 1783,  or  perhaps  earlier;  but  no  great  or  marked 
advance  was  made  until  within  the  first  quarter  of  the  present  century, 
during  which  period  '^  flint^'-glass  works  were  founded  in  many  places. 
These  works  rapidly  increased  in  numbers,  until,  at  the  present  time, 
there  are  many  large  centres  of  glass  industry,  all  producing  large  and 
increasing  quantities.  The  quality,  too,  has  improved  in  nearly  the 
same  ratio,  and  while  there  is  much  room  for  the  application  of  art- 
design,  the  United  States  may  be  congratulated  in  having  a  well- 
founded  and  established  "flint^'-glass  manufacture.  In  several  parts 
of  the  country  considerable  works  have  been  formed  for  the  manu- 
&cture  of  large  plate-glass.  These  are  yet  new,  and  the  production, 
consequently,  small  and  but  little  known,  except  in  the  vicinities  of  the 
works,  where  it  is  in  some  instances  largely  employed  for  windows 
and  sometimes  silvered  for  mirrors. 

Of  lime-glass  there  are  many  large  and  interesting  exhibits  from 
Austria  and  the  United  States,  but  more  particularly  from  the  latter 
country.  In  this  description  of  glass  great  advances  have  been  made 
in  the  points  of  brilliancy,  endurance,  and  transparency,  and  the  wares 
composed  of  it  are  sold  very  cheaply. 

Of  the  wares  produced  by  a  new  process,  and  called  "  toughened" 
glass,  there  are  no  examples  in  the  Exhibition,  which  is  to  be  regretted, 
as  much  interest  is  felt  in  what  seems  to  place  glass  among  the  most 
enduring  as  it  is  among  the  most  useful  of  manufactures,  and  to  give 
it  still  wider  capability  of  application  to  the  arts. 
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AUSTRIA. 

Maurice  Fischer's  Sons,  Herend^  Hungary. 

Porcelain  dinner-,  dessert-,  and  tea-services,  and  decorative  pieces. 
For  the  most  part  a  fine,  hard  body,  but  varying  somewhat  according 
to  the  style  of  work ;  glaze  fairly  good. 

The  specialty  of  this  manufactory  is  the  reproduction  of  the  styles 
of  various  porcelains,  as  old  Saxon,  old  and  modern  Sevres,  Capo  di 
Monte,  Oriental,  etc. ;  also  a  specialty  is  perforated  work  of  great  deli- 
cacy, forming  an  outer  case  to  several  specimens  of  tea-services ;  this 
is  originally  derived  from  Oriental  models.  A  portion  of  a  service  of 
eight  hundred  pieces,  after  the  Chinese  style,  made  for  the  King  of 
Italy,  is  shown ;  also  specimens  of  a  service,  in  the  Sevres  style,  made 
for  the  Emperor  of  Germany,  and  a  tete-a-tete  set,  made  for  the  Em- 
peror of  Austria.  A  vase  of  four  feet  six  inches  high  is  shown  as  a 
specimen  of  pottery  on  a  large  scale, — it  is  decorated  in  a  so-called 
Japanese  style.  Many  of  the  copies  of  old  styles  are  very  exact,  and 
to  persons  interested  in  the  reproduction  of  new  antiquities  this  ex- 
hibition has  an  interest  of  its  own.  The  rococo  wares  of  the  last 
century  are  imitated  with  success,  especially  as  to  form,  the  colors 
being  not  so  happy  in  reproduction. 

This  collection  is  successful  in  the  general  accuracy  of  reproduc* 
tion,  and  particularly  of  the  delicate  perforated  work. 

Porcelain  Works  of  the  Count  von  Thun,  Klosterle^  Bohemia, 

Porcelain  dinner-,  dessert-,  and  tea-services,  and  decorative  pieces. 
Body  very  vitreous,  compact,  and  hard ;  the  glaze  fair,  and  potting 
fairly  good. 

Various  designs  of  dinner-services  are  neat  and  fitting,  the  pieces  thin 
and  well  moulded.  A  service  of  about  one  hundred  and  sixty  pieces, 
with  pale  bluish-green  borders  and  dark-grounded  panels,  elaborately 
painted  in  many  colors  with  delicate  arabesque  designs,  is  noticeable. 
The  tea-services  are  specially  commendable,  being  elegant,  light,  and 
modest  in  design,— an  artistic  scroll  pattern  being  freely  used  in  their 
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decoration.  A  dinner-service  in  white  and  gold  has  considerable  ele- 
gance and  clearness  of  ornament.  A  biscuit  ewer,  thirty-three  inches 
high,  is  shown,  the  drum  of  which  is  decorated  in  high  relief  with 
scenes  from  the  lives  of  various  German  Landsknechts,  skillfully  de- 
signed and  carried  out.  A  covered  tankard,  with  imitation  carved 
ivory,  is  cleverly  executed,  though  the  design  cannot  be  praised. 
This  exhibition  shows,  in  several  respects,  the  good  influence  of  the 
Imperial  Austrian  Museum  of  Industry  and  Art  at  Vienna. 
The  quality  of  this  porcelain  is  especially  good  in  tea-wares. 

Carl  Eberhardt,  Prague,  Bohemia, 

Porcelain  flowers,  wreaths,  crosses,  etc.    The  blossoms  are  well 

modeled  (the  leaves  and  stems  not  porcelain).     Some  of  the  flowers, 

as  a  delicate  yellow  rose  and  a  white  camellia,  are  successful ;  the 

colors  fair. 

Alois  Klammerth,  Znaim,  Moravia. 

Stone-  and  terra-cotta-wares,  jugs,  tankards,  pilgrim-bottles,  ewers, 
etc.  The  stoneware  body  is  pale  in  color,  compact  and  hard;  the 
glaze  sometimes  rather  thick ;  modeling  of  forms  generally  good, 
and  some  moulding  good ;  decorations,  both  drawn  and  printed,  are 
of  fair  and  good  designs,  seemingly  new.  The  imitation  majolica  is 
of  soft  body,  and  the  decorations  rather  pale  in  color.  A  small  col- 
lection of  domestic  wares  of  cheap  character  and  pale-yellow  body, 
having  moulded  ornaments  fit  for  their  purpose  in  a  ware  of  very  low 
price.    Some  pieces  are  shown  with  brown  colors  blended  in  the  glaze. 

K.  Lederer,  Gablonz^  Boftemia, 

Vases,  pedestals,  pots,  baskets  of  twisted  work,  etc.  Pale  and  light 
body  earthenware,  colored  (for  the  most  part  with  violent  red,  etc.), 
gilt,  and  bronzed. 

Manufactured  for  the  South  American  market. 

Carl  Franke,  Prague,  Bohemia, 

Exhibits  of  porcelain  and  glass-ware  fittings,  for  druggists'  and 
chemists*  use,  of  which  he  is  the  decorator,  showing  a  good  manner 
of  fitting  up  druggists'  shops.  He  claims  merit  in  the  style  of  let- 
tering, finish,  and  general  getting-up  for  trade  purposes. 

David  &  Friedrich  Riedl  von  Riedenstein,  Dallwitz,  near  Carls- 
bad, Bohemia. 

Porcelain  dinner-services,  samples,  and  tea-wares.  Body  of  medium 
hardness ;  glaze  white  and  good ;  the  wares  generally  resembling  the 
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French  of  moderate  character;  decoration  of  flowers  minute,  but  dry 
in  effect ;  tea-  and  tete-a-tete-services  of  fairly  good  design,  in  color 
and  gold;  one  coffee-service  and  tray  elaborate  in  decoration,  on 
green  grpund.     Vases  and  other  decorative  pieces  are  shown. 

W.  J.  SoMMERSCHUH,  Prague,  Bohemia, 

Glazed  earthenware  tiles  and  a  stove  of  soft  red  body;  the  glaze 
even  and  good.  Decorations  of  ordinary  quality,  embossed  and 
painted  with  various  subjects;  others  with  well-laid  and  regular 
ground-colors. 

J.  &  L.  LoBMEYER,  Vienna, 

Table-  and  dessert-services,  vases,  jardinieres,  liqueur-sets,  toilet 
articles,  chandeliers,  candelabra,  mirrors,  and  ornamental  articles. 
This  is  the  most  important  collection  of  glass  in  the  Exhibition.  As 
a  rule,  the  "  metal'*  is  of  very  light  texture  and  brilliant,  much  more 
so  than  is  usual  in  Bohemian  glass.  Forms,  designs,  and  decorations 
are  generally  good  and  artistic.  The  engraving  is  especially  good, — 
well  designed  and  executed.  Several  services  of  thin  glass,  engraved 
with  classic  designs  (notably  one  drawn  by  Professor  Hansen,  of 
Vienna),  are  particularly  graceful  and  commendable ;  also  engraved 
designs  by  Professor  Storck,  of  Vienna,  are  delicate  in  drawing  and 
execution.  Indeed,  the  good  effect  of  the  Art  Museum  of  Vienna  is 
perceptible  in  much  of  this  collection.  Services  of  light  table-wares, 
judiciously  engraved,  are  singularly  brilliant  for  thin  wares.  Full 
services  of  colored  glass  are  shown ;  one,  opal-tinted  and  enameled  in 
white  and  in  colors,  is  of  new  and  handsome  forms ;  another,  of  very 
delicate  opal  tints,  blue,  and  gold,  is  of  rich,  lustrous  effect;  both  of 
these  are  commendable.  A  service  of  dark  green,  decorated  with 
men  and  animals  in  the  old  German  (Thuringian)  style,  is  effective. 
Pieces  decorated  in  black  and  gold,  in  imitation  of  the  manner  of 
Schaper,  are  curious ;  a  number  of  large  vases  and  pedestals,  in  crystal 
and  in  colored  glass,  are  graceful  in  form,  but  in  decoration  perhaps 
rather  over-gilt ;  candelabra  and  chandeliers  of  graceful  forms  and 
brilliant  in  lustres ;  one  of  these  with  crystal  and  colored  drops,  in 
an  Oriental  style,  is  good.  An  excellent  exhibition  of  general  high 
quality  of  glass  and  decoration. 

Jules  de  Brunfaut,  Vienna. 

Fine  spun  glass  in  various  articles,  as  caps,  shoes,  mats,  feathers, 
etc.,  which  are  specially  commendable  for  fine  quality  and  delicacy. 
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J.  ScHREiBER  &  Nephews,  Vienna, 
Fancy  articles  and  lamp-shades,  of  bone-  and  colored  glass. 

Adolf  Meyrs*  Nephew,  Winterberg,  Bohemia. 

Table-wares  of  crystal  and  common  glass ;  also  colored  window- 
glass  of  good  quality.  This  collection  is  praiseworthy  for  good 
quality  of  table-wares,  and  for  variety  of  colors  in  window-plates, 

F.  E.  Palme's  Son,  ZvecevOy  Slavonia, 

Decanters,  tumblers,  etc.,  of  ordinary  and  useful  kinds,  well  adapted 
to  purposes,  at  low  prices. 

C.  Stolzles*  Sons,  Vienna, 
Table-wares  and  fancy  articles,  of  good  quality. 

J.  A.  Ziegler's  Sons,  Kreuzhutte^  Bohemia, 

Mirrors  with  fancy  frames  and  heavy,  ordinary  moulded  glass- 
wares. 

Andrea  Zeigler's  Son,  Sofienhutte^  Bohemia, 

Mirrors  and  moulded  glass-wares  of  ordinary  character. 

Austrian  Works  of  Aussig,  Aussig  on  the  Elbe^  Bdhemia, 

Bottles,  jars,  etc.,  of  green  and  other  colors,  regularly  made  and 
uniform. 

The  Tyrol  Glass-Staining  Company,  Innsbruck^  Tyrol. 

Three  decorated  windows,  one  with  heraldic  devices,  the  others 
with  historic  portraits,  of  fair  design  and  quality  of  execution ;  also 
stained  glass  in  small  pieces  for  churches.  This  exhibit  has  a  good 
variety  of  colors  in  window-glass. 

JosEF  HoYER,  Svetla^  Bohemia, 

Table-wares,  dessert-pieces,  bottles  of  cut  and  moulded  patterns, 
etc.,  of  lime-glass.  The  moulded  patterns  are  very  sharp  and  in  close 
imitation  of  cut-wares ;  of  good  quality  of  "  metal"  and  at  low  prices. 

Count  Harrach,  Neuwelt^  Bohemia, 

Table-wares,  dessert-pieces,  vases,  jugs,  ornamental  pieces,  etc.,  of 
conventional  Bohemian  form  and  decoration.  A  service  of  green 
glass,  painted  with  subjects  in  the  old  German  manner,  is  fairly  good. 
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The  exhibition  is  not  equal  to  others  made  by  this  well-known  manu- 
factory.    Prices  moderate. 

LuDWiG  MosER,  Karlsbad, 

Exhibits  goblets,  mugs,  toilet-wares,  etc.  The  cutting  heavy  and 
engraving  elaborate.    Some  opal-tinted  glass  pieces  are  &irly  good. 

Clemens  Rasch,  Meistersdorf,  Bohemia, 

Table-wares,  vases,  jugs,  decorative  pieces,  etc.  Services  of  green 
glass  are  well  decorated.  Some  pieces  of  fine  opal-tinted  glass  are 
good.  Common  bone-glass  vases,  etc.,  of  moderate  quality.  Good 
painting  and  general  good  taste  are  shown.     Prices  low. 

Jos.  Ed.  Schmid,  Annathal,  Bohemia, 

Table-wares,  vases,  ornamental  pieces,  etc.  The  "  metal"  of  this 
exhibit  is  very  brilliant,  clear,  and  colorless.  The  forms  are  largely 
varied,  some  new,  and  mostly  in  good  taste.  The  workmanship  is 
creditable,,  showing  skill  and  knowledge.    A  praiseworthy  exhibition. 

Hermann  Muller,  Ulrichsthal,  Bohemia, 

Table-wares,  dessert-pieces,  goblets,  jugs,  vases,  and  decorative 
piece§.  The  "  metal"  of  fair  quality.  Engraving  very  elaborate  and, 
in  some  cases,  delicate  and  tasteful.  Designs  of  form  and  decoration 
good. 

Grohmann  &  Kessler,  Haida^  Bohemia, 

Vases,  toilet-bottles  and  sets,  ornamental  articles,  etc.,  of  the  usual 
Bohemian  styles,  in  great  variety  of  forms  and  colors, — ^sixty  different 
tints  being  exhibited.  Specimens  of  good  Rose-du-Barry,  Celestey  and 
other  colors  are  shown.  The  taste  shown  in  this  collection  is  not 
refined,  but  the  production  is  successful  of  its  kind.     Prices  low. 

Franz  Wagner,  Meistersdotf,  Bohemia. 

Fancy  articles  of  glass-wares  mounted  with  brass.  Some  imitations 
of  agates,  in  table-tops  and  boxes,  are  very  good.  Considerable  fancy 
is  shown.     The  prices  are  very  low. 

J.  Zekert,  Meistersdoif,  Bohemia, 

Fancy  articles  of  glass-wares  mounted  with  brass.  A  small  collec- 
tion of  ordinary  character.    The  prices  low. 
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Elias  Pauce,  SteinsMnaUy  Bohemia. 

Five  glass  lustre  chandeliers  of  brilliant  "metal/'  good  cutting  and 
graceful  forms.  This  is  a  large  house,  emplc^ng  600  to  800  persons 
in  the  manufacture  of  these  productions. 

Franz  Batka,  Prague ^  Bohemia. 

A  large  collection  of  chemists'  and  druggists'  glass-wares  of  various 
qualities  and  forms.  Several  "  metals"  are  employed  which  are  of 
good  character;  the  forms  are  suitable  to  purposes.  Some  colored 
wares,  particularly  a  cobalt  blue,  are  good.   Prices  low. 


ARGENTINE  REPUBLIC. 

A  small,  unnamed  collection  of  specimens  of  yellow  and  red  terra- 
cotta roofing,  flooring,  and  mural  tiles,  perforated  bricks  and  archi« 
tectural  pieces,  of  coarse  red  body. 


BELGIUM. 

Desir£  Barth,  Andenelle. 

Pipes  of  various  forms  and  clays,  white,  red,  and  black.  This 
manufactory  produces,  annually,  one  hundred  and  eighty  thousand 
(180,000)  francs  worth  of  pipes;  prices  low, — from  seventy  centimes 
per  gross  upwards. 

WiNGENDER  BROTHERS,  Chokier-lez-LUge. 

Pipes  and  cigar-holders,  moulded  and  glazed,  in  various  colors 
and  grotesque  styles.    Prices  fair. 
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CoMPAGNiE  DE  Floreffe,  Floreffe^  Nantur. 

Mirrors. of  plate-glass  of  very  large  size,  about  13  by  9  feet,  well 
polished,  and  silvered  very  regularly. 

SociETE  Anonyme  du  HKinikVT,  Haiuaut, 
A  large  mirror  with  beveled  edges,  well  silvered  and  polished. 

SociETE  Anonyme  de  Ste.  Marie  d'Oignies,  Brussels, 

Large  silvered  plates,  about  17  by  10  feet, — neither  of  them  per 
feet  in  surface.    These  are  of  exceptionally  large  size. 

SociETE  Anonyme  de  Courcelles,  Courcelles, 

Large  oval  mirrors,  beveled,  and  a  large  plate  of  triple  thickness, — 
the  latter  very  straight  and  clear. 

Leon  Baudoux  &  Co.,  Charlerai. 

Window-glass,  plain,  colored,  figured  and  cut,  in  large  variety. 
Some  of  the  "  mousselinees,"  or  figured,  glass  is  of  very  good  design. 
A  great  variety  and  good  quality  of  colors  and  patterns. 

E.  Baudoux  &  Jonet,  Lodelinsart, 

Window-glass  of  various  colors  and  very  large  sizes;  good  in 
quality. 

Bennert  &  BivoRT,  Jumet,  near  Charlerai. 

Window-glass,  large  sizes,  of  various  colors  and  good  quality,  being 
quite  free  from  impurities. 

A.  BouGARD,  H.  Le  Brun,  &  Co.,  Raux,  near  Charleroi. 
Window-glass  plates,  some  quite  thick  and  of  good  quality. 

L.  De  Dorlodot  &  Co.,  Lodelinsart. 

Window-glass  plates  of  various  kinds.  Some  for  church  windows 
are  fairly  good.     Photographers'  glasses  are  of  good  quality. 

De  Loofer,  Haidin,  &  Co.,  Gosselies-Caurcelles 
Window-glass  and  cylinders,  of  the  largest  sizes  and  well  finished. 


i:?r»'' 
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J.  Dessent  &  Brothers,  Jumet 
Window-glass  of  good  ordinary  quality  and  at  low  prices. 

A.  Fourcault-Frison  &  Co.,  Dampremy^  near  Charlerai. 
Window-glass  of  the  largest  sizes  and  of  good  quality. 

Octave  Hans  &  Co.,  yumet^  near  Charlerai. 
Window-glass  of  fairly  good  quality. 

C.  Lambert's  Son,  Charleroi. 

Window-glass  of  large  sizes  and  good  quality.  A  large  house, 
making  9,000,000  square  feet  of  glass  per  annum. 

L.  Lambert  &  Co.,  Juntet,  near  Charleroi, 

Window-glass  of  large  sizes,  plain  and  roughed,  of  great  thick- 
ness and  good  quality. 

Leon  Mondron,  Lodelinsart^  near  Charleroi. 

Window*glass  of  ordinary  quality,  from  a  large  and  important 
house. 

J.  MoNNOYER  &  Son,  Dampremy,  near  Charleroi, 

Window-glass  of  large  sizes  and  of  iairly  good  quality. 

Alphonse  Morel,  LodeUnsart^  near  Charleroi, 
Window-glass  of  large  sizes  and  good  quality. 

A.  Schmidt  &  Co.,  yumet,  near  Charleroi, 

Window-plates,  some  corrugated  for  reflectors  for  hot-houses  and 
for  churches,  of  good  quality. 

Schmidt  Brothers  &  Sisters,  Lodelinsart,  near  Charleroi. 
Window-glass  of  ordinary  quality. 

Schmidt,  Devillez,  &  Co.,  Damprenty^  near  Charleroi, 

Window-glass  of  very  large  sizes,  of  double  and  triple  thickness ; 
one  plate  of  51  by  31  inches  of  triple  thickness,  and  one  of  53  by 
33  inches  of  double  thickness. 
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SociETE  Anonyme  de  Charleroi,  CharleroL 
Window-glass  of  ordinary  qualities  and  sizes. 

SociETE  Anonyme  pe  Jumet,  near  Charlerai. 

Window-glass  of  large  sizes,  of  fairly  good  quality.  This  company 
uses  the  gas  furnaces  of  Boetius. 

SociETE  Anonyme  de  Marchienne,  MarcHenne  an  Pant. 

Window-glass  of  various  patterns,  mousselinees  and  plain,  of  &irly 
good  quality. 

A.  BouGARD,  Manage^  Hainaut. 

Table-wares, — ^small  pieces,  wines,  goblets,  etc.,  of  ordinary  quality, 
at  very  low  prices. 

SociETE  Anonyms  de  Boussu,  etc,  Boussu,  near  Mans. 

Table-wares  of  crystal  and  half  crystal,  lamp-glasses,  bone-glass 
globes,  etc.  "  Metal"  of  the  table-wares  moderately  good,  cutting 
ordinary.  Common  moulded  glass  of  ordinary  quality.  Lamp- 
shades and  bone-glass  bulbs  are  goodL 


BRAZIL. 

F.  A.  M.  EsBERARD,  Ria  de  yaneira. 

Terra-cotta  vases,  glazed  and  unglazed, — ^some  marbled  in  the  glaze; 
one  ornamented  with  designs  in  antique  style,  fairly  drawn ;  open- 
work baskets,  tea-wares,  some  imitation  majolica  wares ;  soft  red  body 
with  tin  glaze,  good  in  form.     Water-bottles  in  style  of  Hindustani 

work. 

Amaro  D.  Grillo,  Rio  de  yaneira. 

Vases,  red  and  pale-yellow  terra-cotta, — some  glazed ;  body  fairly 
hard;  modeling  and  moulding  fair;  a  design  of  hanging-baskets 
shows  originality.  Vases  of  a  black-bodied,  hard  ware  are  shown, 
also  tiles  of  rather  soft  body  with  printed  ornament 
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BaNDEIRA   &   ROMAGUERfU* 

Lai^e  terra-cotta  water-filter,  with  designs  of  Indian  figures  in  low 
relief,  of  red  and  yellow  body,  is  fairly  modeled. 

These  exhibitions,  from  a  country  seeking  to  develop  and  advance 
its  resources,  are  interesting,  as  showing  -efforts  which  should  lead  to 
a  good  success.  It  is  to  be  hoped,  froni  the  varied  and  valuable  clays 
which  exist  in  Brazil,  that  pottery  of  a  high  order  and  of  a  more  dis- 
tinctive character  in  style  and  decoration  may  hereafter  be  produced. 


CHINA. 
Imperial  Customs,  Shanghai, 

Exhibition  of  Porcelain, 

A  very  extensive  exhibition  of  vases  and  various  decorative  pieces 
of  hard  porcelain,  but  so  closely  packed  tc^ether,  in  the  limited  space 
devoted  to  them,  that  it  was  difficult  to  examine  the  specimens  satis- 
factorily. This  observation  applies  to  the  whole  of  the  Chinese  col- 
lection of  porcelain ;  information,  too,  was  deficient  in  precision.  It 
is  to  be  observed,  also,  that  the  Chinese  exhibition  is  not  that  of  the 
manufacturers,  but  of  exporters  and  agents,  and  it  is  to  be  regretted 
that  the  specimens  were  not  arranged  in  the  order  of  places  of  manu-» 
iacture.  The  porcelain  is  made,  for  the  most  part,  at  King-teh-Chun 
and  decorated  at  Shanghai.  The  colors  are  often  somewhat  pale  in 
tone  and  wanting  in  the  force  and  harmony  of  the  old  work.  Some 
pieces  of  large  size,  —  bottles,  bowls,  garden-seats,  examples  of 
"  crackle"  and  specimens  banded,  and  with  handles,  etc.,  to  imitate 
bronze  mounting,  are  shown;  also  imitation  "  crackle,"  printed  from 
patterns  on  paper.  The  garden-seats  are  many  of  them  very  good  in 
color  and  extremely  well  made. 

Examples  of  splashed  or  flowing  color,  in  a  spedies  of  semi-porce- 
lain approaching  stoneware,  are  shown,  and  in  some  the  colors  are 
rich  and  effective ;  these  are  decorated  at  Kiu-Kiang. 

Vases  30  inches  high,  decorated  with  birds,  etc.,  in  various  enamel 
colors,  price  $2y  per  pair  in  the  Canton  market;  another  pair,  36 
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inches  high,  with  warlike-figure  subjects,  ^25  per  pair;  a  pair  with 
rich,  flowing  colors,  of  brown-red,  36  inches,  ^20, — are  cheap.  These 
are  the  prices  of  the  Chinese  dealers.  Some  celadon-grounded  vases 
with  blue  decorations  are  shown;  also  examples  with  ornaments  in 
white  over  the  colored  surface, — having  somewhat  the  effect,  but 
coarsely  carried  out,  of  pate-sur-pate.     Prices  low. 

Ho-Kan-Chin,  Shanghai. 

A  collection  of  porcelain  of  various  dates,  some  very  early,  of 
curious  and  interesting  qualities.  Among  the  delicate  tea-wares 
shown  are  four  covered  cups,  with  patterns  perforated  and  filled  in 
with  glaze,  producing,  when  looked  at  by  transmitted  light,  a  very 
elegant  effect;  these  are  much  valued.  Some  cups  or  goblets,  of 
very  fine  white  body,  with  delicate  decoration,  are  shown ;  a  small  tea- 
pot, of  the  Ming  dynasty,  of  fine  quality  of  texture  and  blue  color,  is 
shown ;  a  beautiful  white  tea-pot,  stated  to  be  of  the  earliest  date  of 
this  fine  white  porcelain,  is  exhibited,  and  many  other  pieces  of  anti- 
quarian interest,  some  possessing  fine  qualities  of  manufacture  not 
equaled  by  the  modern  works  exhibited. 

S.  C.  Rose,  Kiu-Kiang. 

Exhibition  of  porcelain  vases,  bowls,  bottles,  seats,  covered  cups, 
cuspidores,  etc.  Porcelain  of  the  usual  body  and  hardness  and  of  good 
glaze ;  various  ground-colors  are  good,  as  a  clear  blue,  a  celadon,  a 
yellow,  and  a  purple ;  a  celadon  ground,  with  blue  decoration,  is  suc- 
cessful ;  imitations  of  old  "  qrackle"  wares  are  shown.  A  pair  of  large 
vases,  4  feet  6  inches  high,  elaborately  decorated  and  with  gilt 
ornaments  in  relief,  but  wanting  in  harmony  of  color,  costs  ^200  per 
pair ;  another  pair  with  pale-yellow  ground  and  greenish-gray  orna- 
ment is  successful.  These  are  stated  to  have  been  made  for  the 
exhibitor,  from  designs  suggested  by  himself. 

Bean  &  Jardine,  Kiu-Kiang. 

Exhibitors  of  porcelain  vases  and  garden-seats,  bowls,  bottles, 
covered  tea-vases,  etc.;  for  the  most  part,  imitations  of  former  styles; 
some  fairly  successful  specimens  of  covered  flower-boxes,  well 
decorated  with  flowers  and  a  beading  of  various  colors,  producing  a 
peculiar  and  noticeable  effect. 

W.  N.  LovATT,  Kiu-Kiang. 

Vases  of  ordinary  forms  and  decorations,  imitation  "crackle"  wares, 
etc. 
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Tong-Chok-Hung,  Kiu'Kiang. 

Porcelain  vases  and  dinner-services,  incense-burners,  etc. ;  bulbed 
vases  about  3  feet  high  are  good  in  effect;  dinner-services,  very 
elaborately  painted,  ^i  17  the  set. 

Henry  Kopsch,  Kiu-Kiang. 

Dinner-services,  decorated  for  the  European  market,  pilgrim-bottles, 
large  covered  bowls,  vases,  etc. 

Dinner-service,  with  red  and  gold  scroll  decoration,  not  successful; 
some  flowing  colors  are  rich  in  effect;  yellow  vases  good  in  ground 
tones ;  a  screen  formed  of  small  plaques,  delicate  in  tint  but  somewhat 
pale  in  color ;  a  large,  round,  covered  box  has  a  fine  purple  ground, 
with  green  and  yellow  leaf-ornaments. 

Imperial  Customs  of  Kiu-Kiang. 

Modern  blue  wares,  "  crackle"  wares,  imitation  fruits,  pilgrim-bot- 
tles, etc.  Some  of  the  blue  effective,  with  fine,  bold  drawing  of  flowers 
and  birds;  imitation  "crackle"  good;  tomatoes  well  imitated  in  color; 
some  curious  and  quaint  terra-cotta  figures. 

Vases  of  pink  ground,  with  landscape  and  bird  decoration,  about 
3  feet  high,  are  ^50  a  pair  in  Kiu-Kiang. 

C.  F.  MooRE,  KiU'Kiang, 
Pilgrim-bottles,  vases,  ornaments,  birds,  animals,  etc. 

Tien-Sen-Seng,  Kiu-Kiang, 

A  small  collection  of  vases,  of  ordinary  style  of  decoration  on 

white  ground. 

Imperial  Customs  of  Canton. 

Dinner-  and  tea-services,  flower-boxes,  garden-seats,  and  various 
small  wares, — some  made  in  the  "  English-Canton"  style,  of  brilliant 
but  rather  crude  coloring  on  obtrusive  gold  ground,  and  some  in  the 
"  French-Canton"  style,  having  a  general  tea-green  color,  not  inhar- 
monious.   On  the  whole,  the  decoration  has  a  tendency  to  crudeness. 

Hu-Kwang-Yung,  Hong  Chow, 

Boxes,  large  vases,  screens,  etc.  For  the  most  part  ancient,  or  of 
ancient  models,  also  some  modern  wares.  Among  the  former  are 
some  of  fine  quality,  as  pieces  in  blue  and  white  of  the  Ming  period ; 
two  vases  of  importance,  both  good,  one  of  great  excellence,  in  a  fine 
early  style,  with  greens  of  especial  vividness  in  color  and  glaze;  and 
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various  other  examples  of  early  manufacture,  both  in  porcelain  and 

stoneware.     In  the  modern  wares,  some  covered  boxes  and  forms  of 

fruits  are  good ;  also  some  ingeniously-formed  and  quaint  flower-pots 

of  excellent  brown,  hard,  body  are  very  good.    Some  plaques  of  wood 

and  lacquer,  with  porcelain  inlaid,  are  fairly  effective.     (Wages  are 

stated  to  be,  at  the  porcelain  works  of  Kiu-Kiang,  from  10  to  15  cents 

per  diem.) 

Fow  LooNG,  Canton, 

Vases  of  various  sizes ;  some  large  dinner-services ;  "  crackle"  pots, 
with  imitation  bronze  mounting;  a  pair  of  vases,  about  5  feet,  some- 
what gaudily  decorated  in  color  and  gold,  ^200  at  Canton ;  others, 
designed  from  vegetable  forms,  have  an  ingenious  character.  The 
whole  exhibition  has  the  rather  flashy  style  of  the  modern  Canton 
wares.     Prices  low. 

Tack  Loong,  Canton, 

A  large  exhibition  of  large  vases ;  these,  mostly  in  old  styles,  are 
good,  especially  a  pair  of  "  crackle"  vases,  with  bands  of  intervening 
ornaments;  some  of  reddish-brown  ground  are  harmonious  in  tone; 
the  pale-yellow  ground  of  some  vases  is  very  pleasing;  a  few  of  pale 
sage-green  ground,  with  colored  ornament,  are  effective.  The  pieces 
in  modern  style  are  generally  open  to  the  same  criticism  as  those  of 
other  exhibitors  from  Canton.     Prices  mostly  low. 

E.  Wadman,  Ning-po, 

Collection  of  ancient  porcelain  and  pottery,  containing  some  fine 
specimens  of  old  manufacture.  The  ground  colors  of  some  are  rich 
and  harmonious,  and  the  exhibition  is  instructive  in  various  points  of 
view.  One  vase  of  fine  lavender  tone,  with  flowers  in  relief;  also  a 
purple  vase  and  purple  bottle  are  excellent  in  tint ;  a  greenish  vase, 
of  old  style,  is  very  fine  in  effect  of  color, — a  tint  much  prized  by 
collectors,  partly  from  its  comparative  rarity. 


GENERAL  REPORT  OF  THE  JUDGES  OF  GROUP^  II.  31 


DENMARK, 
p.  Ipsen's  Widow,  Copenhagen. 

Bzhibition  of  Art  Pottery. 

Terra-cotta  glazed  and  unglazed ;  the  body  porous,  light  and  well 
potted ;  shapes  and  decorations  of  modified  classic  types,  from  the 
antique  after  Thorwaldsen  and  others;  general  imitation  of  the  an- 
tique is  good  and  effective.  Among  the  objects  exhibited  are  large 
tazzas,  extremely  well  potted  and  well  designed ;  decorated  plaques  in 
relief  are  sharp  and  clear;  vases,  large  and  small,  are  well  potted  and 
designs  elegant,  the  drawing  good ;  Egyptian  and  other  styles  satis- 
factory. The  ornamentation  of  these  is  commonly  in  black,  occa- 
sionally touched  with  dark  red,  on  the  uncolored  buff  body  of  the 
ware,  and  produces  a  pleasing  effect. 

Specimens  of  vases,  tazzas,  etc.,  painted  in  oil  colors,  with  wreaths  of 
flowers,  fruits,  and  similar  decorations  on  a  black  ground,  are  effective*. 

Terra-cotta  statuettes  and  reliefs,  after  Thorwaldsen  and  others,  are 
generally  well  modeled,  of  a  fine  reddish- cream-colored  body.  Prices 
&ir,  but  not  low.  ^ 

Exhibit  important  and  good. 

George  W.  Hesse,  Bomholm. 

Decorative  and  art  pottery  of  classical  designs ;  the  observations 
applied  to  P.  Ipsen's  Widow's  collection  are  also  generally  suitable 
to  this.     Exhibit  not  so  important     Prices  moderate. 

Wendrich  &  Sons,  Copenhagen. 

V^ty  good  collection  of  vases,  tazzas,  etc.  Some  of  black  and  deep- 
red  color  on  light  terra-cotta  ground,  with  decorations  adapted  from 
the  antique.  Small  vases  especially  commended  for  elegance  of  form 
and  design;  some  few  statuettes  of  light-colored  body  of  medium 
quality ;  specimens  of  terra-cotta  plaques  painted  in  oil,  and  not  fired, 
are  shown. 
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Royal  Porcelain  Works,  Copenhagen, 

(Exhibited  by  Thomas  Schmidt.) 

Biscuit  plaques  in  relief,  subjects  after  Thorwaldsen,  are  finely 
modeled,  and  have  great  excellence  in  manufacture,  causing  regret 
that  the  works  made  in  this  important  manufactory  are  not  more 
largely  represented. 


EGYPT. 

Exhibited  by  the  National  Museum,  Cairo. 

A  large  collection  of  goolahs,  goblets,  candlesticks,  ewers,  cans, 
and  basins,  dishes,  cups  and  saucers,  cups  and  holders  (or  "  fingara"), 
paper-weights,  and  pipe-bowls ;  from  Keneh,  Sioot,  Esneh,  and  As- 
souan. Some  vessels  decorated  by  Professor  Lodi,  with  colors  and 
gilding,  are  not  fired  but  fixed  by  a  peculiar  process.  These  objects 
are  of  sun-dried  clay,  also  of  baked  clay,  polished  or  lustred,  in  red, 
black,  and  buff,  with  incised  decoration ;  all  hand-potted.  The  forms 
are  suggestive — taken  from  the  old  Egyptian  pottery — and  frequently 
graceful.     The  body  is  soft. 

The  Bazaar  of  Cairo  exhibits  a  so-called  porcelain  dish,  deco- 
rated over  the  glaze  with  blue,  green,  and  pink  enamels  in  relief,  with 
some  gil^ng, — the  decoration  is  in  latter  Persian  style.  Also  a  faience 
vase  12  inches  high,  with  cobalt,  light-green,  and  orange-red  orna- 
ment in  Persian  style,  is  very  efTective.  A  porcelain  vase  26  inches 
high,  with  floral  ornament  worked  in  relief  on  the  white  body,  the 
whole  covered  with  a  thick  green  or  celadon  glaze, — the  body  hard 
and  vitrescent.  This  vase,  the  property  of  a  mosque,  is  stated  to 
have  been  dug  up  in  Egypt  800  years  ago.  Persian  tiles,  of  a  sandy- 
bufT  body,  with  stanniferous  enameled  coat,  upon  which  patterns 
are  freely  traced,  with  the  brush,  in  cobalt,  turquoise,  copper-green, 
and  red,  and  covered  with  a  hard  silicious  glaze.  The  outlines  are 
traced  in  black,  with  forms  derived  from  the  pink  rose,  forget-me- 
not,  lily,  and  cypress,  and  are  filled  in  without  regard  to  the  natural 
colors  of  the  objects ;  subjects  of  hanging-lamps,  vases,  and  Arabic 
writing  are  introduced,  and  the  whole  is  a  good  example  of  well- 
distributed  colored  ornament. 
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FRANCE. 

Faiencerie  de  GfEN,  Gien^  Loiret 

Common  faience*  table-  and  toilet-wares.  The  body  very  soft, 
porous,  light,  white,  and  well  suited  for  glazes  and  colors.  The  glaze 
soft  and  well  incorporated,  fairly  transparent,  and  good  for  colors. 
The  forms  of  ordinary  character  and  suitable  to  purposes.  The  prices 
very  low. 

Also  faience  table- and  toilet-wares,  printed  and  enameled,  of  similar 
soft  body  and  glaze ;  the  forms  very  good,  resembling  pld.  French 
faiences,  beauty  showing  in  some  of  the  designs;  the  decoration 
corresponding  in  style  and  character,  and  often  rich  in  effect  and 
brilliant  in  color.  The  prices  moderate.  Decorative  objects,  vases, 
jars,  bottles,  ewers,  cornets,  clocks,  etc.,  of  same  body  as  in  the  table- 
and  toilet-ware  but  with  richer  glaze. 

Decorations  in  the  style  of  Rouen,  Moustiers,  Marseilles,  old 
faience  of  Italy,  etc.,  in  original  and  modified  forms  and  decorations, 
are  in  good  taste  and  style.  Decorations  after  nature — ^animals, 
landscapes,  etc. — are  bold  and  striking.  Some  pieces  decorated  in  a 
fine  canary-yellow  ground  are  good.  The  outlines  of  decoration  are 
often  printed  and  filled  up  with  colors,  as  in  jugs,  mugs,  fruit-stands, 
etc.  A  large  collection  of  pieces  is  decorated  on  dark-blue  ground 
with  fine  artistic  effect.  This  last  collection  is  very  brilliant  and  rich, 
and  is  stated  to  be  exhibited  now  for  the  first  time.  Imitations  of  old 
Nankin  porcelain  bowls,  jars,  etc.,  are  good. 

In  the  case  of  one  manner  of  decoration  in  relief,  the  figures  are 
painted  in  opaque  enamel  colors,  and  in  another  they  are  laid  on 
with  an  opaque  white  "body,"  which  is  subsequently  colored  and 
glazed. 

This  whole  exhibition  is  highly  commendable  for  its  artistic  value 

*  The  VI  ox  A  faience  is  used  in  France  to  denote  "  earthenwares"  (so  called  in  England), 
or  pottery  wares  not  made  of  porcelain  or  translucent  "  bodies." 

3 
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and  for  the  successful  effort  to  popularize  and  cheapen  objects  of 
beauty. 

Ad.  Hache  &  Pepin-Lehalleur  Brothers,  Paris, 

Hard  porcelain,  of  ordinary  thickness,  and  very  thin  table-  and 
tea-wares.  Body  very  hard,  dense,  light  in  fabrication,  of  a  very  fine 
white,  and  well  adapted  to  glaze.  The  glaze  good,  &irly  incorpo- 
rated with  the  body,  white,  rich,  and  remarkably  clear.  The  forms 
suitable,  of  modern  style,  are  well  designed  and  sharp, — sometimes 
quaintly  original,  after  designs  by  Rossigneux.  The  decoration  good, 
well  treated,  effective,  and  often  original.  The  extreme  lightness  of 
the  specimens,  combined  with  excellent  form,  is  to  be  praised.  The 
prices,  considering  the  quality,  are  moderate. 

Thick  hard  porcelain,  or  *' Limonade"  table-wares;  body  very  hard, 
dense,  rather  coarse  and  white,  with  a  &irly  good  white  and  trans- 
parent glaze.     Prices  fair. 

Tea-wares  of  novel  reticulated  and  striated  patterns,  on  the  biscuit 
and  finely  glazed,  are  beautiful  specimens  of  the  thinnest  and  finest 
porcelains.  A  large  table-service,  made  for  Russia  for  130,000  francs, 
decorated  in  scrolls,  medallions,  portraits,  and  flowers,  is  rich  and 
effective.  Three  pieces,  one  centre  and  two  side  dessert-ornaments, 
with  dragons  in  gold  and  colored  in  turquoise,  of  equable  tone,  are 
noticeably  bold  and  effective, — the  excellent  harmony  of  the  gold  and 
bronze  used  in  these  pieces  is  commendable.  Decorative  porcelain  in 
centre-pieces,  baskets,  tazzas,  cups,  saucers,  etc., — the  decorations  of 
these  are  clear  and  finished.  Hard-fire  grounds  of  celadons  and  grays 
are  exquisite  in  tint  and  regularity,  and  the  flowers  and  other  objects 
painted  over  these  '*  hard  grounds"  are  neat  and  clean.  The  fine  trans- 
lucency  of  these  thin  and  delicate  wares  is  perhaps  not  excelled  by 
any  made  at  present  in  Europe, 

The  whole  exhibition  of  this  important  house  is  original  in  char- 
acter, fine  in  decoration,  and  shows  great  skill  and  knowledge  of 
potting. 

Charles  Field-Haviland  &  Co.,  Paris. 

Hard  porcelain  table-  apd  tea-services.  Body  very  hard,  vitreous, 
dense,  of  fine  texture,  rather  light  and  white,  and  the  wares  good 
in  fabrication.  The  glaze  good  and  well  incorporated,  white,  rich, 
and  transparent.  The  forms  suitable  in  design  and  sharp  in  outline. 
The  decoration  fair  and  neat,  and  some  examples  of  the  Rose-du-Barry 
pink  are  good.  An  advance  in  manufacture  seems  observable;  the 
texture  of  the  body  is  notably  good,  and,  for  purposes  of  commerce. 
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is  to  be  commended,  as  are  the  neat  and  useful  forms  of  many  of  the 

wares. 

Thierry,  Paris. 

Exhibits  samples  of  decorated  table-  and  tea-services,  vases,  etc. 
Decoration  rich,  brilliant,  and  effective;  not  entirely  original,  but 
neatly  and  finely  done.  Specimens  of  faience,  plates,  plateaux,  etc., 
of  dark-blue  ground,  richly  decorated  in  the  Limoges  enamel  manner 
with  colors  in  relief,  are  tolerably  good. 

The  turquoise,  green,  and  canary-yellow  colors  are  good. 

Haviland  &  Co.,  Limoges. 

Hard  porcelain  table-  and  toilet- wares,  white  and  decorated ;  body 
very  hard,  though  light,  white  and  well  adapted  to  the  glaze,  which 
is  solid,  well  incorporated,  pure,  rich,  and  transparent.  The  forms 
are  suitable,  some  modern,  and  others  adaptations  of  eighteenth  cen- 
tury styles,  good  in  design  and  sharp.  The  decorations  of  flowers, 
fruit,  scroll  patterns,  etc.,  are  fairly  good,  and  some  executed  with 
singular  skill  by  a  chromo-lithographic  process,  producing  almost  the 
effect  of  hand-painting.  The  gold  decoration  is  generally  in  good 
taste,  and  modeling  of  handles  appropriate  and  ingenious.  One  ser- 
vice, painted  in  purple,  with  animals,  fruits,  vegetables,  fish,  etc.,  is  very 
good, — the  form  and  decoration  commendable.  The  above-mentioned 
application  of  chromo-lithography  is  stated  to  be  as  follows:  the 
designs,  engraved  on  copper  or  steel,  are  transferred  to  stone,  and 
thence  to  the  object,  and  in  this  manner  a  fineness  and  variation  of 
line  are  obtained  not  to  be  got  from  ordinary  chromo-lithography. 
This  is  mentioned  as  a  new  process.  The  specialties  claimed  by  the 
exhibitor  ar^  productions,  for  commercial  and  ornamental  purposes, 
in  a  porcelain  of  medium  body,  a  body  between  the  very  hard  and  the 
soft, — made  with  a  view  to  receive  fine  colors,  and  in  this  respect  suc- 
cessful,— giving,  however,  by  the  method  of  decoration,  in  some  cases, 
the  effect  of  a  rather  too  highly  polished  ivory.  Statuettes  modeled 
by  Mr.  De  la  Planche  and  produced  in  this  body  are  shown;  in  those 
the  glaze  was  occasionally  overdone.  Terra-cotta  vases  are  shown, 
decorated  with  biscuit  figures  in  relief;  also  plaques,  etc.,  with  enamel 
colors  fluxed  with  the  glaze,  so  as  to  produce  the  effect  of  highly 
varnished  oil-paintings.  The  effort  to  attain  a  forcible  effect,  though 
not  always  in  pure  taste,  deserves  commendation  as  an  attempt  that 
may  be  advantageously  applied  to  architectural  decoration. 

Examples  are  shown  of  a  process  of  using  a  new  application  of 
transparent  enamel  colors  on  a  hard  porcelain,  glazed  body,  so  as  to 
produce  the  effect  of  Oriental  enamel  decoration  slightly  in  relief. 
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These  are  successful.  Among  the  noteworthy  specimens  exhibited 
are  a  pair  of  dark  purple-blue  vases  of  Oriental  form,  rich  in  color;  a 
pair  of  gigantic  covered  jars  (made  as  commemorative  of  the  Centen- 
nial year  of  America),  about  twelve  feet  high,  of  terra-cotta,  on  which 
are  graven  and  colored  American  devices  and  emblems,  not  com- 
mended except  as  very  large  pieces  successfully  potted ;  and  a  repro- 
duction of  the  pieces  of  a  service  made  for  General  Washington. 

The  whole  exhibition,  from  an  establishment  of  importance,  em- 
ploying about  twelve  hundred  workmen,  is  commendable  for  quality 
of  hard  porcelain,  also,  and  more  especially,  for  the  introduction  of 
new  technical  processes,  in  some  of  which  considerable  success  has 

been  attained. 

Jules  Brianchon  aine,  Paris, 

Nacreous,  or  pearl-lustred  porcelain  and  faience.  An  iridescent 
glaze  is  successfully  produced,  the  effect  of  which  may  be  pleasing 
when  used  in  moderation  and  on  certain  objects.  The  lustre  applied 
on  Rose-dU' Barry  color,  in  a  tete-a-tete-service,  has  a  pleasing  effect 
Also  imitation  Palissy  and  majolica  wares  are  shown.  Prices  mod- 
erate. 

J.  Aubrey,  Bellevue,  fiear  Toul, 

Decorated  faience  with  tin  glaze,  in  the  style  of  Rouen,  Marseilles, 
etc.,  and  of  Italian  majolica.  Two  large  vases,  over  five  feet  high,  of 
Chinese  outline,  fine  examples  of  potting,  are  boldly  decorated  with 
masks,  flower-scrolls,  and  arabesques;  a  large  plate,  in  style  of  Abruzzi 
majolica,  with  Faenza  scroll  border,  is  noticeable.  Well-shaped  flower- 
stands,  gracefully  decorated  with  conventional  scroll  ornaments. 

This  exhibition  is  commendable  for  freedom  and  vigor  of  drawipg 
and  for  correct  reproduction.     Prices  low. 

Barbizet*s  Son,  Paris. 

Majplica  and  Palissy  wares.  The  well-known  artist,  M.  Barbizet, 
exhibits  an  important  collection  of  works,  mainly  from  or  after  his 
own  designs.  The  modeling  of  many  of  the  specimens  is  of  a  very 
high  order,  and  the  carrying  out  of  the  artistic  conceptions  in  detail 
excellent  and  commendable ;  the  potting  also  is  thoroughly  skillful. 
The  body  used  is  white  and  compact ;  the  glaze  thin  and  calculated 
not  to  interfere  with  the  delicacy  of  modeling,  but  deficient  in  texture. 
A  very  large  and  elaborate  wall-piece,  representing  various  marine 
fish  and  animals,  as  cod,  urchins,  star-fish,  etc.,  is  most  remarkable  as 
^n  example  of  close  observation  of  nature,  great  dexterity  in  model- 
ing, and  in  overcoming  the  diflficulties  inherent  to  potting, — in  eflect 
perhaps  is  too  realistic.     Statuettes  representing  *' Les  IncroyabUs** 
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are  conceived  with  much  humor,  and  carried  out  with  admirable  skill ; 
others,  also  in  grotesque  style,  are  capital  in  delineation  of  humor  and 
in  force  of  expression.  A  large  pedestal,  supporting  a  garden  vase,  is 
excellent  in  bold  design  and  good  in  color. 

The  exhibition  is  highly  commendable  for  artistic  effect  in  pottery. 

Th.  Sergent,  Paris. 

Faience,  modified  after  Palissy  and  other  styles,  vases,  cups,  and 
small  ornamental  objects.  Body  white  and  compact ;  glaze  generally 
fair,  but  sometimes  too  glittering ;  colors  strong  and  often  well  har- 
monized. A  large  blue  vase  is  an  example  of  successful  color  and 
potting.  Some  of  the  modeling  is  good,  as  that  of  a  bust  of  the 
period  of  Henry  II.,  and  various  aiguieres  and  statuettes;  these  are 
fairly  colored  and  quite  cheap,  as  are  all  the  wares,  some  being  very 
low  in  price.     Exhibition,  as  of  a  commercial  character,  is  good. 

A.  MoNTAGNON,  Nevers. 

Faience,  in  style  of  old  French  of  Rouen ;  also  majolica  in  modi- 
fied Italian  styles.  Body  of  red  terra-cotta,  tin  glazed.  Vases,  ewers, 
plateaux,  plates,  garden-vases,  bouquet-holders,  lamp-stands,  etc. 
Forms  of  ewers  are  good,  decoration  appropriate;  some  in  Moresque 
and  Persian  styles.  Some  garden-seats  shown  are  good.  A  large 
jardiniere,  about  four  feet  long,  is  well  designed  and  decorated.  The 
designs  are  bold  and  extremely  well  drawn ;  commendable  for  pot- 
ting, design,  and  painting. 

Paul  Blot,  Paris. 

Exhibits  of  decorated  porcelain  services  and  various  ornamental 

objects.    One  service  with  borders  in  Persian  style  is  rich  in  effect  of 

color.  •  Various  vases  of  Sevres  porcelain,  decorated  by  him,  have 

considerable  elegance  and  are  well  executed ;  the  painting  is  minute 

and  careful. 

L.  FiOLET,  St.  Omer  {Pas  de  Calais) 

Collection  of  pipes ;  white  body,  some  decorated  in  colors ;  moulding 
good.  Some  pipes  are  shown  having  very  long  stems.  A  large  manu- 
factory. 

J.  Gambier's  Widow,  Givet^  Ardennes. 

Pipes,  and  some  busts  in  pipe-clay  to  form  the  bowls  of  large  pipes ; 
well  designed  and  skillfully  moulded.  A  good  material  for  some 
artistic  purposes.  The  exhibit  is  praiseworthy,  and  from  an  important 
establishment. 
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F.  Woodcock,  Paris. 

Porcelain  biscuit,  flowers,  wreaths,  bouquets,  separate  blossoms^ 
brooches,  ear-rings,  etc.,  in  natural  colors ;  ingenious  in  design,  and 
showing  great  dexterity  in  manufacture.  Some  large  roses,  camellias, 
etc.,  are  crisp  and  natural.     Prices  very  low. 

P.  Detemmerman,  Paris, 

Porcelain  biscuit  flowers,  wreaths,  bouquets,  etc.,  very  well  modeled ; 
large  bouquets  and  cut-flowers  extremely  well  designed.  A  plaque, 
of  white  glazed  ground,  with  wreath  of  flowers  in  full  relief,  is  of  fine 
and  delicate  work.     Prices  very  low. 

L.  SoHN  &  A.  Delabre,  Paris. 

Flowers  in  porcelain  biscuit,  wreaths,  bouquets,  and  small  blossoms, 
pendent  crosses,  and  other  ornaments,  finely  modeled  and  finished ; 
colors  generally  rich,  but  the  greens  less  so.  A  very  large  bouquet, 
delicate  and  well  colored.     Prices  very  low. 

Souchet  &  Co.,  Paris. 

Enameled  glass  flowers  in  natural  colors,  made  with  the  blow-pipe ; 
colors  rich  and  sometimes  tender ;  orange-blossoms  very  good.  In 
some  kinds  of  decoration,  this  pretty  product  might  be  utilized  with 
effect.     Very  cheap. 

■ 

Eugene  Blot,  Boulogne-sur-Mer, 

Red  terra-cotta  groups  and  figures,  illustrating  fishing-life  at  Bou- 
logne ;  the  material  hard,  the  potting  excellent.  These  figures  and 
groups  are  highly  artistic  in  design  and  admirably  modeled,  and  are 
solely  the  work  of  M.  Eugene  Blot's  own  hand,  except  a  few  con- 
tributed by  his  son.  A  group  of  nine  figures,  called  "  Les  Pecheurs 
sur  le  Port,'*  with  fish  of  various  species,  nets  piled  up,  baskets,  etc., 
is  specially  remarkable.  The  whole  collection  is  highly  commend- 
able for  design,  modeling,  and  skillful  potting. 

E.  MuLLER,  Paris. 

Glazed  bricks  for  mural  decoration ;  very  well  potted,  glaze  rather 
soft,  colors  green,  blue,  and  brown.  Ceiling  tiles  are  ingeniously 
made  to  represent,  in  some  measure,  a  coffered  ceiling,  and  are  capable 
of  good  decorative  eflfect, — but  the  colors  are  heavy. 
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The  National  Manufacture  of  Porcelain  at  Sevres. 

In  the  Memorial  Hall,  French  Art  Department,  are  exhibited  about 
twenty  large  and  very  important  porcelain  vases.  These  were  assigned, 
for  examination  and  report,  to  Group  XXVII.  (Art). 

M.  A.  Pelletier  &  Sons,  SU  yust-sur-Loire. 

Stained  window-glass  of  various  colors,  cylinders,  etc.  The  many 
colors  are  specially  commendable  for  uniformity  and  delicacy  of  tint 
and  for  regularity  of  manufacture.    A  large  and  important  house. 

Paul  Bitterlin  Son,  Paris. 

Painted  decorative  windows.  A  good  collection  of  well-designed 
patterns.  One  window  of  brilliant  scarlet  ground,  with  sphinxes  and 
heraldic  ornaments,  is  noticeable;  also  some  with  bold  scroll  orna- 
ments. 

Appert,  Lengele,  &  Co.,  Paris. 

A  large  collection  of  glass  shades,  of  excellent  quality  of  metal 
and  well  formed ;  of  various  shapes. 

SociETE  Anonyme  de  St.  Gobain,  Paris. 

Plate-glass,  clear  and  silvered,  castings  for  the  concentric  sectional 
lenses  of  Fresnel,  skylights  for  street  pavements,  window-plates  for 
churches,  hot-houses,  etc.  A  pair  of  glass  plates,  257  by  118  inches, 
are  of  fine  quality,  and  stated  to  be  the  largest  ever  exhibited.  The 
glass  moulded  in  rings,  for  Fresnel  lenses,  are  excellent  pieces  of  work, 
as  are,  also,  many  of  the  heavy  and  thick  pieces  made  for  skylights. 

Henry  Fromont,  Paris, 

Exhibits  specimens  of  his  own  engraving  on  glass,  done  partly  in 
the  Exhibition  buildings,  of  various  qualities  from  ordinary  to  good. 

Boulenger  AtNE,  Auneiul. 

In  a  pavilion,  near  the  U.  S.  Government  building,  M.  de  Bergue 
exhibits  plain,  encaustic,  and  decorated  floor-  and  wall-tiles.  These 
are  manufactured  by  Boulenger  aIne,  at  Auneiul,  Oise,  and  are  of 
good  quality,  particularly  the  encaustic,  which  are  of  hard  body  and 
are  fairly  designed.  Some  large  painted  tiles  are  of  moderately  fair 
execution,  as  are  the  plain  printed  and  printed-and-filled-up  patterns. 
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GERMANY. 

Royal  Porcelain  Works,  Berlin, 

This  manufactory  of  porcelain  stands  on  a  footing  quite  diflerent 
and  more  independent,  as  to  resources,  than  ordinary  private  establish- 
ments ;  it  exhibits  the  following  classes  of  productions :  Table-,  tea-, 
and  dessert-services,  and  ornamental  objects.  Body  very  hard,  even, 
and  compact ;  glaze  hard.  Dinner-services,  of  forms  of  the  last  century, 
in  various  colored  borders,  with  well-painted  flowers ;  dessert-services 
of  same  style,  some  with  pierced  borders,  are  well  made.  Some  tea- 
services  of  light,  neat  patterns,  are  fairly  thin  and  well  potted ;  some 
forms  graceful,  but  the  covers  not  so  well  fitted  as  in  former  exhibi- 
tions. A  large  collection  of  decorative  pieces, — vases,  jars,  baskets, 
groups,  figures,  plates,  cups  and  saucers,  etc.  The  "Victoria"  vase, 
painted  with  subject  of  the  Aurora,  after  Guido,  5^  feet  in  height; 
body  of  the  vase  brown  and  gold ;  handles  of  porcelain  very  accurately 
modeled  and  fitted,  but  too  nearly  resembling  bronze  in  design  and 
effect  to  be  commended.  Price,  18,000  marks.  The  "Germania" 
vase,  with  groups  of  Germania  and  Borussia,  after  Heyden. 

It  may  be  observed  that  in  some  specimens,  as  the  ^'  Charle- 
magne" vase,  after  Kaulbach,  the  colors  are  more  sombre  than  be- 
comes the  material.  Other  vases,  of  good  forms,  show  a  similar  tend- 
ency to  the  use  of  sombre  colors  at  variance  with  the  subjects,  which 
are  generally  of  a  joyous  character.  The  jugs  and  other  pieces,  deco- 
rated in  monochrome,  in  imitation  of  old  German  faience,  are  not  to 
be  commended,  being  a  degradation  of  the  fine  material  of  porcelain 
to  the  coarser  appearance  of  earthenware.  Specimens  of  the  style  of 
old  Berlin  porcelain  are  painted  with  bouquets  of  flowers  with  much 
skill  and  successful  effect.  Several  painted  plaques  are  shown,  among 
them  a  Saint  Anthony,  after  Murillp  by  Landgraf,  carefully  and 
minutely  wrought. 

Groups  and  separate  figures,  in  the  style  of  the  old  Berlin,  are  not 
equal  to  the  works  of  the  last  century.     Among  the  large  pieces  of 
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difficult  and  successful  potting  may  be  noticed  a  wine-cooler  or  cis- 
tern, of  more  than  3  feet  by  2  feet  9  inches,  finely  modeled,  but  injured 
in  effect  by  the  colors  applied  to  what,  in  its  original  design  as  a  work 
in  biscuit,  wa^  effective  and  commendable.  Near  it  are  placed  two 
large  tazza  vases  in  white  biscuit,  skillfully  moulded  and  most  suc- 
cessfully fired. 

Biscuit  busts  and  figures  are  well  modeled  and  sharp ;  a  few  are 
tinted  in  delicate  colors.  A  series  of  large  beakers,  decorated  with 
architectural  subjects,  show  careful  drawing  and  manipulation;  some 
plates  are  etched  in  outline,  with  figure-subjects,  and  filled  in  with 
color,  producing,  at  a  comparatively  cheap  rate,  an  effective  decora- 
tion. In  addition  to  the  above  extensive  exhibition,  is  shown  a  large 
series  of  chemical  wares  of  great  excellence  and  importance,  includ- 
ing retorts,  evaporating  dishes,  gas-burners,  crucibles,  and  various 
large  and  important  apparatus,  well  and  uniformly  potted.  These  are 
specially  commended  for  excellence  of  body  and  glaze. 

The  whole  exhibition  is  striking  and  important.  It  is  to  be  noted 
that  at  these  works  were  first  introduced  the  gas-furnaces  or  kilns.* 

Reinhold  Hanke,  H'dhr,  Nassau, 

Stonewares,  vases,  ewers,  jugs,  jars,  tankards,  etc.  An  imitation 
of  the  old  German  style,  the  "  Gres"  of  the  sixteenth  and  seventeenth 
centuries ;  but  the  blue  decoration  has  been  too  lavishly  used.  One 
piece,  3  feet  6  inches  high,  is  notable  for  somewhat  unusual  size 
in  this  ware.     Prices  extremely  low. 

Merkelback  &  Wick,  Grenzhatisen, 

Stoneware  jugs,  vases,  tankards,  ewers,  etc.  Some  of  them  of  large 
dimensions,  generally  in  the  style  of  the  old  "  Gres"  of  the  sixteenth 
and  seventeenth  centuries ;  salt  glazed,  and  decorated  with  ornaments 
in  relief,  etc. ;  colored  with  blue,  and,  occasionally,  with  manganese 
brown ;  the  glaze  is  very  hard  and  the  body  dense.  It  is  mentioned, 
as  a  specialty  of  this  manufacture,  that  the  violet  color  has  been  suc- 
cessfully revived.  Some  of  the  examples  are  decorated  with  conven- 
tional scroll  ornaments.    The  prices  are  low. 

J  AC.  An  DR.  Knodgen,  Hbhr,  Nassau, 

Household  stonewares,  gray  jugs,  mugs,  pots,  etc.,  for  domestic 
purposes ;  body  hard  and  fitted  for  daily  use,  and  prices  low. 

♦  Specimens  of  earthenware,  drain-tiles,  porcelain,  etc.,  are  elsewhere  exhibited  to 
illustrate  the  productions  of  George  Mendheim's  patent  gas-generator  kiln. 
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Hugo  Lonitz,  Neuhaldensleben;  near  Magdeburg,  Prussia. 

Exhibits  a  collection  of  animals  and  animal  heads, — some  of  them 
life-size,  for  wall  and  other  decorations,  as  horses,  dogs,  deer,  wild 
boar,  etc. ;  yellow  terra-cotta  body  of  moderate  hardness,  painted  in 
natural  colors  and  fired  at  a  low  temperature.  Some  of  these  are 
artistically  modeled  and  expressive,  and  colored  with  judgment  Also 
red  terra-cotta  of  soft  body,  in  classical  forms,  tazzas,  jars,  etc.,  with 
ornaments,  fairly  suitable,  in  black  and  slightly  fired.  Prices  very 
low.  Gray  stoneware  is  shown,  decorated  with  figure  subjects,  in 
various  colors  successfully  applied,  at  a  comparatively  low  firing. 

Telegraphic  Supply  Co.  (formerly  Hermann  Schomburg),  Berlin. 

Telegraph  wares  and  chemical  porcelain,  insulating  supports,  evapo- 
rating dishes,  crucibles  and  various  chemical  wares,  etc.  The  body 
hard  and  solid.  The  exhibitor  claims  excellence  for  the  completeness 
of  the  insulating  qualities  of  his  telegraphic  ware,  his  double  bell- 
shaped  form  having  been  used  with  great  success.  Chemical  wares 
fair. 

ViLLEROY  &  BocH,  Mettloch, 

Tiles,  floor  and  wall,  some  encaustic,  others  with  white  body,  plain 
and  glazed ;  various  tiles,  of  mottled  and  other  colors,  in  imitation 
of  porphyry,  marble,  etc.;  grooved  and  imitation  mosaic  tiles;  the 
designs  good,  generally  in  subdued  tones,  and  suitable  for  architectural 
decoration.  This  exhibition,  from  a  very  large  manufacturing  estab- 
lishment, is  meritorious  for  the  quality  of  the  tiles,  as  appropriate,  from 
their  quiet  colors,  to  mural  and  other  exterior  architectural  uses. 
Prices  moderate. 

The  annual  product  of  this  &ctory  is  stated  to  amount,  at  present, 
to  130,000  square  metres. 

St.  Gobain  Glass  Company,  Mannluim. 

Large  mirrors  and  plate-glass;  roughened  and  polished  cast-glass 
plates ;  very  thick  cast  plates,  some  polished,  of  good  quality ;  also 
colored  plates. 

Eli  as  Greiner's  Cousin's  Son,  Lauscha,  near  Coburg. 

Decorated  glass  marbles,  imitations  of  fruits,  beads,  etc.  Also  ex- 
amples of  enamel  colors,  which  are  very  commendable  for  variety 
and  quality. 
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H.  Underberg-Albrecht,  RJteinberg,  Prussia. 

Wine-  and  liquor-bottles  of  several  patterns  and  colors.     Are  well 
made  and  of  good  quality. 

Christian  Winkler  &  Son,  Furth,  near  Nuremberg^  Bavaria. 

Common  blown-glass  mirrors,  unpolished,  and  cylinders  of  large 
sizes,  silvered.    Are'of  fair  quality  and  cheap. 

Leopold  Heilbronn,  Furth, 

Blown  white-glass   mirrors,  polished  surfaces,  and  foliated  with 
quicksilver.    This  is  a  useful  manufacture  and  cheap. 

I.  W.  Berlin,  Furth, 

Blown  half-white  glass  mirrors,  polished  surfaces,  silvered.    At  low 
prices. 

Braun  &  Reich,  Furth, 

Small  convex  glass  mirrors  for  insertions.    These  are  foliated  with 
lead. 

N.  Wiederer,  Furth. 

Small  ornamental  mirrors,  cut  in  various  forms,  beveled  and  en- 
graved. 

JoH.  Schaller,  Furth, 

Small,  common  blown-glass  mirrors,  framed. 

'  G.  VoGEL,  Furth. 

m 

Small,  common  blown-glass  mirrors,  framed. 
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GREAT  BRITAIN. 


ENGLAND. 


A.  B.  Daniell  &  Son,  London. 

Exhibition  of  porcelain  table-,  tea-,  and  toilet-services,  and  decora- 
tive objects,  comprising  works  from  the  great  potteries  of  Minton, 
Worcester,  and  Coalbrookdale. 

First,  the  productions  of 

The  Worcester  Royal  Porcelain  Works. 

Body  very  compact  though  not  wholly  vitrified ;  glaze  hard  and 
brilliant.  Table-  and  tea-services  of  porcelain  are  noticeable,  viz,,  of 
Japanese  style,  rich  in  color,  of  dark  underglaze  blue  border,  with 
gold  *^  aventurine  ;'*  others  with  white  enameled  beading  on  various 
colors:  the  old  blue  Worcester  lily  pattern  is  reproduced,  in  the  forms 
of  the  early  English  porcelain-wares ;  also  metallic  decoration  in  relief 
on  dark-blue  grounds, — in  this,  as  in  several  other  services,  each  piece 
varies  in  design :  also  an  ivy- wreath  ornament  in  pink  monochrome. 

Decorative  wares  of  "  ivory"  porcelain,  with  inlaid  clays,  in  appear- 
ance resembling  pate  sur  pdte^  the  process  being  suggested  by  the 
Henry  II.  ware.  The  body  is  combined  with  a  portion  of  "  Parian," 
and  thus  is  produced  in  some  degree  the  soft  and  rich  effects  of  this 
"  ivory  body."  Of  this,  a  Florentine  nautilus  cup,  elegant  in  design, 
with  nacreous  lustre  judiciously  applied,  the  decoration  being  in  re- 
lief, is  very  noticeable ;  also  a  vase  ornamented  with  applications  of 
various  colored  clays,  in  Chinese  decoration,  with  subjects  in  relief 
and  with  underglaze  landscapes  in  blue.  Some  pieces  with  flat  deco- 
rations, also  underglaze ;  tea-services,  of  perforated  work,  also  of  the 
"  ivory  body ;"  small  vases,  sprinklers,  etc.,  are  exquisite  in  work- 
mansl}ip  and  design,  and  admirable  as  specimens  of  potting;  in  a 
pilgrim  vase  of  the  same  material,  decorated  in  the  Chinese  style, 
the  figures  in  relief  and  with  underglaze  colors,  the  tints  are  specially 
soft  and  good.  Also  a  bottle  vase  of  "  ivory"  porcelain,  with  open- 
work bulb  neck,  and  decorations  in  the  Persian  style,  in  gold  and 
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colors,  the  latter  underglaze,  is  very  effective  and  successful.  Some 
of  these  decorative  designs  are  made  after  the  suggestion  of  Mr. 
Daniell.  A  ewer  and  plateau,  in  style  of  the  sixteenth  century 
Limoges  enamels,  with  band  of  a  triumphal  procession,  and  plateau 
with  arabesque  decoration  and  masks  in  '' cinque^ento"  style,  designed 
by  Mr.  Bott,  Jr.,  is  noticed.  The  works  of  this  manufactory,  being 
artistic  and  of  excellent  finish,  are  costly. 

Productions  of  Minton. 

Table-,  dessert-,  tea-,  and  toilet-services,  of  porcelain  of  medium  hard- 
ness of  body ;  texture  close  and  dense ;  glaze  fine.  Some  gold  deco- 
rations in  relief,  on  white  ground  and  on  colors,  are  well  designed  and 
effective.  Various  border  patterns  in  ground-colors,  some  beaded, 
also  some  in  style  of  Chinese  cloisonne  and  enamels.  With  these  de- 
signs Messrs.  Daniells  are  specially  connected,  having  suggested  them 
and  superintended  the  carrying  them  out  Examples  of  a  process  are 
shown,  in  which  portions  of  the  ground-color  and  glaze  are  eaten  away 
into  patterns,  with  acid  and  mat  gold  substituted,  and  this,  if  necessary, 
is  etched ;  the  colors  thus  being  on  the  glaze,  and  in  relief,  are  very 
effective.  The  process  is  sometimes  used  to  give  figures  of  birds,  etc., 
in  gold  intaglio,  A  fine  service  with  turquoise  border  and  Cupid 
groups,  in  monochrome  of  pink,  in  centre.  A  service,  made  by  sug- 
gestion of  Mr.  Daniell,  ornamented  with  begonia  leaves,  is  very  boldly 
drawn  and  admirably  colored, — ^the  work  of  Mr.  Foucheron.  Dessert- 
service,  with  pierced  borders,  decorated  with  delicately  painted  female 
heads.  Tea-services,  of  the  same  general  character,  are  excellent  in 
quality  and  ornamentation. 

Of  decorative  pieces  of  porcelain,  there  are  capital  examples  of  the 
process  called  pate sur pate^  decorated  by  Mr.  Solon;  as  a  pair  of  vases, 
21  inches  high,  with  subjects  of  dancing  females  and  Cupids,  called 
the  "  Race"  and  the  "  Victory,"  with  colored  clays  inlaid ;  a  pair  of 
urn-shaped  covered  vases  of  classical  design,  with  subjects  of  females 
and  Cupids,  also  decorated  with  inlaid  clays;  a  pair  of  vases  16  inches 
high,  of  fine,  soft,  purple-gray  tint,  are  very  remarkable  for  varieties 
of  the  application  oi  pate  sur  pate^  as  also  for  the  use  of  slip  and  inlaid 
clays.  These  are  highly  commendable  for  beauty,  skill  in  potting,  and 
the  overcoming  of  great  technical  difficulties.  Also  a  pair  of  pilgrim- 
bottles  of  dark-bluish  ground, — "peacock  blue," — with  quaint  subject 
of  Cupids  building  a  house  of  cards,  having  also  various  colored 
decorations  in  low  relief,  are  very  elegant  in  design  and  admirable  in 
execution.  A  pair  of  vases,  salmon-colored,  and  jasper  ground,  with 
allegorical  designs,  Cupids,  etc.,  have  a  soft,  rich  effect.     Also  a  pair 
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of  vases  with  central  band  of  flying  Cupids,  representing  '*  Fire"  and 
**  Water,"  are  very  ingeniously  designed  and  skillfully  executed.  A 
pair  of  vases,  illustrating  the  process  ol  pate  sur  pate,  designed  and 
executed  by  C.  Toft,  with  water-lily  leaves,  are  well  drawn  and  carried 
out  with  much  spirit. 

Examples  of  so-called  Henry  II.  or  Oiron  faience.  Several  pieces 
of  this  celebrated  ware  are  reproduced  here,  viz.,  two  salt-cellars,  an 
aiguiere,  one  candlest^ick,  from  the  original  in  South  Kensington 
Museum,  and  one  biberon  from  Sir  A.  Rothschild's  collection. 

The  pottery  known  as  Henry  II.  ware  was  made  in  the  middle  of 
the  sixteenth  century  at  Oiron,  near  Tours,  in  France.  It  is  wholly 
distinct  in  style  and  character  of  ornament,  as  well  as  in  the  method 
of  applying  the  decoration,  from  any  other  known  pottery.  The  body 
consists  of  a  fine  creamy-white  clay,  well  adapted  for  very  delicate 
modeling;  and  accordingly,  masks,  scrolls,  conventional  figures,  and 
other  minute  details  were  successfully  executed  in  it,  and  aid  in  giving 
much  of  the  distinctive  character  to  the  objects  produced.  The  plain 
surfaces  were  impressed  with  metal  moulds,  on  which  had  been  cut, 
in  relief,  minute  diapers,  scrolls,  and  border  patterns,  often  bearing  a 
close  resemblance  to  the  ornament  of  the  "  Grolier"  book-binding. 
Into  the  depressions,  thus  made,  various  colored  clays  were  rubbed, 
which,  when  fired,  showed  the  inlaid  designs  either  in  black,  rich 
brown,  yellow,  or  a  reddish  tint;  a  few  surface  colors  were  also 
sparingly  used.  The  glaze  employed  is  thin,  transparent,  and  nearly 
colorless.  Ewers,  candlesticks,  covered  cups,  salt-cellars,  and  a  large 
plateau  are  among  the  specimens  of  this  ware  which  have  survived 
the  period,  of  more  than  three  hundred  years,  since  it  was  made. 
Some  of  them  bear  arms,  or  other  emblems  of  the  period  of  their 
origin,  as  the  salamander,  the  interlaced  crescents  of  Diana  de 
Poictiers,  the  arms  of  the  Constable  Anne  de  Montmorenci,  etc. 
All  are  distinguished  by  originality  of  form,  delicacy  of  modeling, 
and  singular  refinement  of  ornament. 

The  value — many  times  their  weight  in  gold — set  upon  the  few 
remaining  original  pieces  is  doubtless  due  in  no  small  degree  to  their 
rarity ;  at  the  same  time  they  must  be  recognized  as  the  most  skillful 
expression  which  the  potter's  art  attained  of  the  quaint  and  ornate 
style  of  the  remarkable  Art  epoch  to  which  they  belong, — the  middle 
period  of  the  French  Renaissance.  The  time  and  labor  bestowed  on 
the  reproduction  of  this  ware  render  it  necessarily  a  more  costly 
production  than  would  perhaps  appear  justified  by  the  general  char- 
acter of  the  objects  unless  when  critically  scrutinized. 

To  continue  with   the  productions  of  Minton.     Vases  with  the 
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upper  portion  pierced,  and  extremely  light  in  body  and  decorative  in 
effect,  painted  in  miniature  style,  are  noteworthy.  The  production  of 
the  fine  turquoise  color,  of  the  greatest  beauty,  which  ornaments 
many  of  these  fine  pieces,  is  very  largely  owing  to  the  efforts  of 
the  late  Mr.  Herbert  Minton.  Vases,  cups  and  saucers,  and  various 
objects  are  painted  with  great  freedom  of  handling  and  exquisite 
skill  in  color;  in  these  the  painting  is  well  blended  with  the  glaze,  and 
thoroughly  free  from  the  defective  dullness  frequently  observable  in 
decorations  executed  on  a  harder  body ;  also  vases  in  the  style  of 
old  Sevres.  A  "  Prometheus  vase,"  about  three  feet  high,  turquoise 
ground  with  metallic  decorations,  is  attractive.  Statuettes  of  female 
figures  in  "  ivory"  body  with  celadon  drapery  are  elegant  in  general 
effect,  though  somewhat  obtrusively  glazed. 

Very  commendable  is  the  extreme  care  and  neatness  of  the  manu- 
facture of  all  of  Minton's  pieces,  the  edges  and  supporting  rims  being 
admirably  finished. 

Of  earthenware  there  are  samples  of  dinner-,  tea-,  and  toilet-services 
of  generally  good  manufacture ;  decorative  pieces  of  large  and  strik- 
ing character ;  as  examples  of  "  ivory"  glaze  are  vases  in  Oriental 
design,  pedestals,  jardinieres,  garden-seats,  etc.  Various  modifications 
of  modern  majolica,  as  flower-baskets,  candelabra,  pedestals,  life-size 
animals,  garden-seats,  fountains,  etc.  The  majority  of  these  are  com- 
mendable, but  occasionally  overglazed,  and  somewhat  hard  in  effect. 
A  pair  of  full-sized  storks  are  remarkable  as  successful  specimens  of 
modeling  and  potting.  The  glaze  of  the  majolica  ware  sometimes 
shows  a  tendency  to  craze.  Large  vases,  plateaux,  etc.,  of  red  clay 
body,  painted  under  the  glaze  with  rich  enamel  colors  boldly  and 
broadly  laid  on  and  heavily  impasted  in  the  high  lights,  produce  a 
fine  artistic  effect.  These  are  the  works  of  Mr.  Mussill.  A  pair  of 
vases,  of  same  body,  in  Oriental  style,  with  dragons,  illustrate  the 
Sgraffito  or  graven  style  of  decoration,  in  which  the  subject  is  traced 
with  a  style  through  the  coating  or  engobe  laid  over  the  original 
ground. 

Productions  of  the  CoALBRodKDALE  Porcelain  Works. 

Tea-services,  etc.  A  "Cashmere"  service  richly  decorated  in  Indian 
style  with  gold  and  colors,  from  designs  furnished  by  Mr.  Daniell, 
suggested  by  the  ornament  of  boxes  of  native  manufacture,  is  har- 
monious in  tone  and  rich  in  effect.  Samples  of  dinner-services,  with 
fine  ground-colors,  cobalt,  maroon,  etc.,  very  richly  decorated ;  also 
with  gold  ornaments  in  relief,  and  colors  finely  pricked  in.  Specimens 
of  pilgrim-vases,  in  which  a  gorgeous  effect  of  gilding  has  been  aimed 


48  INTERNATIONAL  EXHIBITION,  1876. 

at,  and  In  which  the  beading  ornaments  are  used  with  much  skill. 
The  porcelain  is  claimed  to  be  more  translucent,  compact,  and  durable 
than  other  English  porcelain, — ^the  glaze  is  of  first-rate  excellence. 

T.  C.  Brown-Westhead,  Moore,  &  Co.,  London  and  Staffordshire, 

Earthenware  table-,  tea-,  and  toilet-services.  Body  rather  soft,  com- 
pact, light,  fairly  plastic;  white  and  well  adapted  to  glaze.  Glaze  good 
and  hard,  fairly  incorporated,  bluish  in  color  and  clear.  The  forms 
suited  to  purpose,  are  simple  and  commendable,  showing  originality, 
as  do  the  decorations,  flower-wreaths,  etc.,  in  various  styles.  Prices 
low.  The  "semi-china"  is  of  a  harder  and  finer  texture,  and  forms 
a  handsome  ware  of  more  enduring  body  than  ordinary.  A  cheap 
service  decorated  with  animals,  flowers,  etc.,  in  blue,  each  piece  varied ; 
ship's  wares  ingeniously  designed,  handles  being  protected  by  their 
sunken  position.  A  great  variety  of  these  services,  generally  in  good 
taste  and  cheap.  Sanatory  wares  well  designed  and  well  potted,  one 
slab  with  spaces  for  soap-dish,  etc.,  sunk  in  it,  being  44  by  20  inches ; 
a  pedestal  and  a  pedestal  basin,  forming  a  cabinet  stand,  made  for 
Queen  Victoria,  is  well  fitted  for  use.  Druggist- wares  of  white,  hard 
body  and  good  glaze ;  also  mortars  and  pestles  of  white,  hard  stone- 
ware are  commendable. 

Modern  majolica,  colors  bright,  glazing  rather  overbrilliant.  A 
pair  of  large  vases,  about  40  inches  high,  of  modified  classic  form, 
are  well  potted ;  large  garden-pots,  seats,  vases,  etc. ;  pair  of  candel- 
abra supported  by  Cupids,  good  in  design  and  color ;  some  large 
plateaux  of  red  body  decorated  with  flowers,  birds,  etc.  Parian  stat- 
uettes, groups,  busts,  etc.,  good  in  color  and  satisfactory  in  texture, 
— some  made  for  the  Art  Union  of  London;  a  large  bust  of  the 
Apollo  Belvedere  is  noted  as  well  produced.  A  pair  of  life-size 
swans,  cleverly  modeled  in  white  earthenware.  Mural  tiles  of  white, 
compressed  body,  very  hard ;  glaze  moderate ;  designs  generally  satis- 
factory and  well  colored ;  some,  with  designs  in  relief,  are  noticeable. 
Porcelain  dinner-,  toilet-,  tea-,  and  tete-a-tete-services.  Body  very 
transparent  and  white,  glaze  not  hard.  Services  with  colored  borders 
and  gold  ornaments,  drawn  in  relief  and  flat,  in  various  designs, — some 
at  very  low  prices ;  also  perforated  borders  ingeniously  wrought  Of 
the  colors,  the  pink  is  good,  deep  red  or  maroon  fair,  turquoise  only 
moderate,  canary  good,  and  the  dark  blue  very  good.  Cups  and 
saucers  of  many  forms  and  designs,  the  cable  handles  ingeniously 
planned.  Porcelain  decorative  pieces,  as  vases,  jardinieres,  baskets, 
candelabra,  centre-pieces,  etc.;  statuettes  sharply  modeled;  a  pair, 
"  Bruce"  and  "  Wallace,"  are  good  examples  of  their  work ;  centre- 
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baskets  and  flower-pieces  of  elegant  design,  by  Protat ;  the  Belvoir 
tripod  tazza,  modeled  by  H.  Toft,  is  light  in  effect  and  good.  Exam- 
ples of  skillful  workmanship  in  objects  decorated  with  flowers  in 
high  relief,  as  vases,  jardinieres,  bouquet-holders,  and  mirror-frames. 
The  whole  collection  is  creditable  and  commendable.  This  firm  is 
the  direct  successor  to  the  old  house  of  John  Ridgway,  of  Cauldon 
Place. 

■ 

The  Watcombe  Terra-Cotta  Co.,  Watcombe^  South  Devon. 

Red  and  pale-reddish  terra-cotta.  Body  soft,  plastic,  and  capable 
of  considerable  accuracy  in  modeling ;  the  pieces  potted  on  the 
wheel  are  clean  and  smooth  in  surface,  but  scarcely  so  thin  as  might 
be  desirable. 

Moulded  busts  and  statuettes  are  successfully  potted.  Among  the 
statuettes  are  Hamlet  and  Ophelia,  and  Othello  and  Desdemona ;  some 
statuettes  have  the  drapery  slightly  colored  with  a  fuller  tint  of  red, 
and  the  effect  is  good.  Vases  and  plaques  painted  on  the  unglazed 
body,  with  flowers,  etc.,  are  neat  in  design ;  turquoise,  brown,  and 
pale  yellow  are  used  with  effect  in  the  decoration  of  some  examples. 
A  few  drinking-cups,  glazed  inside,  are  good  as  a  cheap  and  pretty 
ware.  This  exhibition  shows  the  successful  production,  for  commercial 
and  popular  purposes,  of  decorative  objects  at  very  low  prices. 

Powell  &  'Bis^o?,  Hanley,  Staffordshire, 

Earthenware  dinner-,  dessert-,  tea-,  and  toilet-services.  Body  hard; 
glaze  medium,  but  rather  bluish ;  forms,  some  new  and  appropriate  ; 
decoration  effective ;  some  of  the  toilet- ware,  as  the  Etruscan,  is  good  ; 
lustred  glazes  are  used  in  some  case^  sparingly  and  with  considerable 
judgment.     Prices  are  low. 

Specimens  of  porcelain  table-,  dessert-,  and  tea-services;  small 
vases,  jugs,  etc.;  the  forms  fairly  designed  and  in  several  instances 
well  colored ;  a  pair  of  vases,  about  i6  inches  high,  with  biscuit  body 
and  glazed  figures  as  handles  and  in  relief,  with  turquoise  color  well 
introduced.  White  "  stone,"  or  "  granite,"  table-  and  tea-wares ;  body 
fair,  dense,  and  hard ;  glaze  and  forms  good  for  practical  purposes. 
The  exhibition  is  of  fair,  useful  quality. 

W.  Brownfield  &  Son,  Cobridge,  Staffordshire. 

Earthenware  table-services,  toilet-  and  household-wares.  Body 
rather  soft  and  porous;  glaze  good.  "  Plain-printed"  and  "printed- 
and-fiUed-up"  plates,  of  fair  designs,  in  great  variety,  from  4  shillings 
and  6  pence  to  7  shillings  and  6  pence  per  dozen ;  designs  after  Land- 
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seer,  the  plates  at  4  shillings,  are  good.  Toilet-ware  shapes  good, — 
the  "Bangor"  set,  a  new  form,  is  appropriate.  In  ornamental  earthen- 
ware are  some  plaques,  vases,  flower-pots,  etc.  Some  well  decorated, 
after  known  designs,  in  flowing  colors.  A  few  pieces  of  modem 
majolica;  some  good  hard  stone  tea- wares  and  jugs,  of  new  and 
handsome  shapes  and  decorations. 

Porcelain  dinner-,  dessert-,  tea-,  and  toilet-services;  body  quite 
translucent  and  white ;  glaze  soft ;  a  great  variety  of  forms  and  deco- 
rations, for  the  most  part  border  patterns,  are  of  good  character  and 
often  effective;  dessert-service,  with  pierced  borders,  in  high  rich 
colors;  another  with  autumnal  leaves,  etc.,  of  intense  colors,  brought  out 
vividly  by  a  pale  celadon  ground.  A  service  with  turquoise  and  dark- 
blue  border  and  pastoral  subjects,  by  Rouse,  is  brilliant, — ^perhaps  a 
little  over-elaborated ;  a  toilet  set  with  body-color  in  celadon,  painted 
with  flowers  in  enamel  colors  in  relief,  is  striking  and  successful.  A 
tea-service,  with  leaves  moulded  in  relief  and  forming  supports  or 
feet,  is  shown. 

Decorative  objects, — large  vases,  jardinieres,  baskets,  centre-pieces, 
figures,  groups,  bottles,  etc.  A  pair  of  large  vases,  about  36  inches, 
with  flowers  in  a  bold,  vigorous  style,  on  brilliant  white  glaze,  painted 
by  Hartshorn;  another  pair,  of  the  same  size,  painted  richly  on  celadon 
ground ;  also  a  pair  with  turquoise  ground  and  decoration  in  relief  are 
effective.  A  pair  of  pilgrim-bottles,  with  designs  from  Landseer  and 
landscapes  painted  by  Rouse ;  also  a  pair  with  celadon  ground,  painted 
skillfully,  with  birds  and  flowers.  Statuettes  and  figures,  supporting 
baskets  and  centre-pieces,  often  graceful  in  design  and  modeling,  are 
very  successfully  potted ;  ai  group  of  two  boys,  carrying  a  fishing-net, 
is  ingenious,  and  stated  to  be  a  fresh  design ;  dessert-services,  one  in 
celadon  the  other  in  pink,  with  white  supporting  figures,  are  free  and 
artistic  in  design  and  highly  commendable.  Basket-vasee  of  about  8 
inches,  embossed  and  covered  with  flowers  and  butterflies,  are  neat  and 
pretty.     Gaseliers  are  also  shown,  and  lamp-stands  of  fair  designs. 

This  collection  is  large  and  important,  and,  especially  in  a  variety 
of  useful  and  decorative  porcelains,  of  considerable  merit  and  of  good 
English  character. 

Bates,  Walker,  &  Co.,  Dale  Hall  Works,  Burslem, 

Earthenware  dinner-,  dessert-,  tea-,  and  toilet  services,  punch- 
bowls, vases,  beer  handles,  etc.  Body  compact  and  fine  in  texture; 
glaze  moderate,  thin,  and  well  combined ;  designed  with  good  judg- 
ment for  cheap  wares.  Prices  low, — ^plates  from  2  shillings  and  9 
pence  per  dozen  upwards;  lustre  glazes  judiciously  used.    A  dessert- 
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service  with  pink  borders  "  printed-and-filled-in'*  with  birds,  flowers, 
fruit,  etc.,  is  good ;  toilet-wares  good  and  cheap.  The  forms  of  all 
these  wares  are  commendable.  Sanatory  wares,  white,  and  decorated 
with  similar  character  of  designs. 

In  stoneware  are  tea-pieces,  jugs,  etc. ;  white,  salt-glazed,  and  very 
hard;  also  a  gray-green  stoneware;  chemists*  and  druggists' wares 
of  "CC"  body;  mortars  good.  A  so-called  "jet"-ware,  with  bril- 
liant black  glaze, — effect  fairly  good  and  prices  low.  Photographers* 
wares  and  cells  for  batteries  are  also  shown.  A  collection  of  cane 
and  umbrella  handles  of  good  manufacture  and  large  variety. 

This  house  is  in  succession  to  that  of  T.  &  J.  Mayer,  of  Dale  Hall. 

The  Brownhills  Pottery  Co.,  Tunstall,  Staffordshire, 

Earthen  and  porcelain  table-,  tea-,  and  toilet-wares,  jugs,  etc. 
Earthenware  of  rather  soft  body,  fair  glaze,  and  average  quality. 
Large  vases,  well  potted ;  tea-pots  and  other  pieces,  with  turquoise 
ornament  on  white  in  low  relief,  are  good  in  style.  Porcelain  tea- 
wares  and  decorative  pieces,  good  in  texture,  body  clean  and  white, 
glaze  hard  ;  decorated  pieces  moderate  in  quality ;  black-glazed,  red- 
bodied  ware  fairly  good.  Prices  low.  Painted  plaques  with  birds 
and  animals,  the  birds  painted  by  Handcock. 

James  Green  &  Nephew,  London, 

Exhibit  porcelain  made  by  Bodley,  of  Burslem,  Staffordshire. 
Dinner-,  dessert-,  tea-,  and  toilet-services ;  decorations  in  rich  colors ; 
gilding  and  silvering  good;  an  "orchid**  service,  painted  from  de- 
signs by  Mr.  Jones,  well  drawn  and  effective  as  ornament ;  pilgrim- 
bottles,  vases,  centre-pieces,  etc.,  are  good.     Prices  moderate. 

Campbell  Brick  and  Tile  Co.,  Stoke-upon-Trent,  Staffordshire, 

Mural  tiles,  and  for  chimney-pieces,  and  floor-tiles.  Of  various 
bodies,  according  to  uses,  from  soft  body  in  the  mural  tiles  to  very 
hard  body  in  the  floor-tiles ;  plain  and  encaustic  patterns  in  relief,  or 
embossed;  modem  painted  majolica,  silvered  and  incised.  Some 
designs  good  and  appropriate,  and  some  colors  vivid.  A  chimney- 
piece,  with  celadon  ground  and  figures  in  relief,  is  a  creditable  piece 
of  decoration. 

John  Matthews,  Weston  super-Mare,  Somerset. 

Terra-cotta  (chiefly  red)  vases,  garden-pots,  and  ornamental  objects. 
Body  medium,  forms  ordinary,  modeling  average.     Prices  low. 
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Price  Brothers,  Bristol, 

Yellow  stoneware,  lead-glazed;  water-jars,  pitchers,  jugs,  filters,  etc. 
Body  dense  and  strong,  forms  very  suitable  for  purposes,  and  well 
potted. 

John  Cliff,  Runcorn. 

Stoneware.  A  large  still-worm,  barrel-taps,  fire-bricks,  several 
very  large  and  well-fitted  taps,  etc.  Fire-bricks  of  good  texture  and 
well  made. 

James  Stiff  &  Sons,  Latnbeth,  London, 

A  large  collection  of  stoneware,  salt-glazed  and  lead-glazed ;  jars, 

filters,  pigs  and  pots,  battery-cells,  preserve-pots,  etc.     Body  hard, 

and  glaze  suitable  for  purposes;  surface  good;  fitting  of  lids  (as  the 

spherical  tops  and  preserve-pots)  extremely  good ;  chemical  wares 

good ;  a  few  ornamental  pieces  of  stone  ware,  colored,  and  beaded 

in  subdued  colors,  are  of  fair  effect;   some  terra-cotta  of  moderate 

quality. 

Henry  Dean,  Southern  Warwickshire, 

Sanatory  wares,  hard  brown  stonewares ;  useful  and  suitable. 

Joseph  Hamblet,  Staffordshire, 

Blue  brick  and  "  terro-metallic"  ware  for  string  courses,  quoins,  etc. 
Very  hard  but  not  close  body ;  outlines  sharp  and  clean  in  the  sunk 
mouldings ;  suitable  for  the  purposes. 

Thomas  Peake,  Tunstall,  Staffordshire, 

Blue  brick  and  "  terro-metallic"  wares,  tiles  for  pavement  and  mural 
decoration,  metallic  blue  tiles  and  building  ornaments;  texture  com- 
pact; red  terra-cotta  of  medium  quality;  dark-blue  ware  excellent 
for  solidity  of  material. 

Wood  &  Ivery,  West  Bromwich,  Staffordshire, 

Blue  bricks,  "  terro-metallic"  wares,  and  terra-cotta  (red  and  yel- 
low), well  moulded  and  sharp;  paving  blocks,  hard.  Tiles,  blocks, 
brackets,  finials,  vases,  etc.  The  blue  architectural-  and  paving-bricks 
are  of  good  quality. 

Eastwood  &  Co.,  London, 

Portland  cement-blocks  for  testing.  Blue  brick  roofing-  and  paving- 
tiles  and  mural  decorations;  blue  and  red  ridge-tiles;  glazed  tiles; 
white  architectural  bricks. 
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The  burned  wares  have  a  good  body,  and  are  well  moulded  and 
fired. 

DouLTON  &  Watts,  Lambeth,  London, 

Stoneware,  salt-glazed,  forming  a  large  collection  of  various  objects 
for  household  use  and  ornament.  These  objects  of  "  Doulton"  stone- 
ware are  not  produced  from  moulds,  but  are  made  and  finished  by  the 
hands  of  artists.  Various  characteristic  methods  are  employed,  as 
surface  modeling  in  relief  and  beading,  also  incised  designs  of  animals, 
etc.,  drawn  on  the  clay  and  the  lines  filled  in  with  color.  The  firing 
is  a  single  process. 

Among  the  objects  produced  are  many  for  table  and  domestic  uses, 
as  drinking-cups,  jugs,  tankards,  beakers,  loving-cups,  tea-pots,  wall- 
fountains,  water-troughs,  pitchers,  spittoons,  etc. ;  for  decorative  pur- 
poses are  vases,  plaques,  architectural  bosses,  bas-reliefs,  pedestals, 
garden-seats,  etc.  Body  compact  and  hard,  flinty  in  texture ;  glaze 
very  hard,  thin,  and  even,  and  successful  in  effect.  The  etching  on 
this  ware  is  principally  by  Miss  Hannah  Barlow,  also  by  Miss  Ed- 
wards and  Mr.  Butler;  the  beading  and  artistic  embossing  by  Mr. 
Tinworth  and  Mr.  Arthur  Barlow.  Of  the  former  are  some  good 
vases  by  Miss  Barlow,  with  groups  of  deer,  horses,  etc. ;  of  the  latter 
is  notable  the  large  fountain  by  Tinworth,  75^  feet  in  diameter  and 
7  feet  9  inches  high, — a  work  of  artistic  merit,  both  in  design  and 
tone  of  coloring.  Also  general  domestic  wares,  with  salt  and  lead 
glazing,  as  yellow  and  gray  jars,  filters,  preserve-pots,  etc. ;  body  very 
compact,  hard,  and  well  potted ;  moulding  clean ;  glaze  very  hard. 

Of  chemical  and  manufacturers*  wares,  there  is  a  striking  and 
important  exhibition.  A  large  stoneware  acid-jar,  of  the  capacity 
of  226  gallons,  is  well  potted, — these  jars  are  made  up  to  600  gallons ; 
also  a  very  excellent  condensing  worm  and  receivers,  glazed  inside 
with  acid-resisting  glaze ;  large  taps, — one  8  inches  in  diameter ;  an 
acid-pump  with  asbestos  packing  is  noticeable. 

■ 

Henry  Doulton  &  Co.,  Lambeth,  London, 

Sanatory  stonewares  and  terra-cotta  sink-traps  of  improved  patent ; 
pipes,  sinks,  water-closets,  air-bricks,  segmental  sewers,  a  new  joint 
for  pipes,  etc. ;  also  blue  bricks,  for  pavements  and  architectural  pur- 
poses; "  opercular"  drain-pipes,  in  which  the  tube  is  divided  longi- 
tudinally, so  as  to  be  severed  easily  by  a  chisel,  for  the  purpose  of 
cleaning  and  replacing. 

Red  and  yellow  terra-cotta  architectural  and  ornamental  objects, 
as  vases,  pedestals,  panels,  fountains,  finials,  medallions,  statuary,  etc. 
Very  hard  in  texture,  and  generally  satisfactory  in  color.     A  large 
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medallion  of  a  female  figure  in  relief,  representing  water,  by  Tinworth, 
and  panels  of  the  four  elements,  are  sharp  and  clear ;  garden  vases 
good.  This  terra-cotta  is  combined,  often  with  satisfactory  effect,  with 
the  "  Doulton"  stonewares  above  described ;  the  pulpit  by  Tinworth, 
in  this  combined  manner,  is  an  important  example.  A  large  temple, 
of  about  25  feet  in  height  and  12  feet  in  diameter,  is  a  structure  of 
remarkable  dimensions  in  this  combined  material.  A  font  in  this 
manner  by  Tinworth,  also,  is  good  in  design,  and  is  noticeable  for 
containing  a  basin  of  stoneware  of  the  unusual  size  of  3  feet  3  inches 
in  diameter.  The  group  of  America  (one  of  the  corner  groups  of 
the  Albert  Memorial  in  Hyde  Park,  London,  shown  in  the  Memorial 
Hall),  is  a  remarkable  specimen  of  pottery,  and  is  stated  to  be  the 
largest  ornamental  work  in  terra-cotta  yet  produced,  being  10  feet 
square  in  the  base  and  about  17  feet  high.  A  large  statue  of  the 
Diana  of  the  Louvre,  10  feet  in  height,  and  a  vase,  "  The  Amazon," 
6  feet  by  5  feet,  are  shown. 

Terra-cotta,  or  "  Lambeth  Faience,"  decorated  in  colors  on  biscuit 
and  richly  glazed, — the  drawings  by  Mrs.  Sparks,  Mr.  Bennett,  and 
others, — ^are  artistic  and  free ;  colors  generally  well  harmonized,  but 
at  times  too  conventional  in  tone,  in  vases,  amphorae,  plaques,  jugs, 
mugs,  etc.  A  large  open  mantelpiece,  with  inserted  tiles,  gives  a  fair 
example  of  this  decorative  art-pottery.  A  large  vase,  about  5  feet  6 
inches  high,  is  also  a  fine  example  of  potting  in  this  ware. 

MiNTON,  HoLLiNS,  &  Cc,  Stoke-upon-Trent,  Staffordshire, 

Wall-  and  floor-tiles.  White  and  colored  glazes,  embossed,  majolica, 
enameled,  tessellated,  encaustic  (glazed  and  unglazed),  and  art  tiles. 
Tiles  also  applied  to  flower-stands,  etc.  The  colored  body  very  hard 
and  glaze  good,  the  white  body  softer  and  glaze  good.  Painted  panels 
of  birds,  flowers,  etc.,  by  Dixon,  are  brilliant  in  color  and  effective. 
An  ambitious  piece,  on  a  large  scale,  in  sepia  monochrome,  of  the 
•*  Young  Mother,"  painted  by  W.  P.  Simpson,  as  are  some  clever 
paintings  of  dogs*  heads  from  life  and  of  various  other  animals, 
spiritedly  drawn.  A  life-size  mosaic  head  of  Washington,  after 
Stuart,  in  small  pieces  with  mat  surface,  containing  between  ^e^vi^vi 
and  eight  thousand  pieces;  mosaics  for  church  decoration;  side- 
panels  and  pilasters  with  flowers  and  other  decorations, — some  in  re- 
lief, producing  a  brilliant  effect.  Prices  of  floor-tiles,  6  shillings  per 
square  yard  up  to  36  shillings,  according  to  amount  of  decoration. 

This  collection  has  very  high  merit,  especially  in  encaustic  and 
various  mural  tiles,  also  for  variety  of  designs  arid  artistic  work  on 
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panels,  etc.     Among  the  artists  employed  are  W.  P.  Simpson  and 
Arthur  Simpson,  Buxton  for  flowers,  etc.,  Dixon  for  birds,  etc. 

Maw  &  Co.,  Brosely^  Shropshire, 

Wall-  and  floor-tiles.  White  and  colored  glaze,  printed,  embossed, 
majolica,  enameled,  tessellated,  encaustic  (glazed  and  unglazed),  and 
art  tiles  and  small  ornamental  vases.  The  colored  body  very  hard 
and  glaze  good,  the  white  body  softer  and -glaze  good;  pieces  in  re- 
lief, white-glazed,  are  finely  moulded  and  effective,  the  glaze  not  quite 
uniformly  distributed;  a  chimney-piece  in  relief;  a  good  panel  of 
Cupids  in  relief;  a  large  mosaic,  from  design  by  Sir  M.  Digby  Wyatt; 
architectural  vases ;  pilasters  in  relief  are  successful ;  "  printed-and- 
filled-in'*  designs  for  wall  decorations  are  good;  panels  in  monochrome 
successful.  Patent  plant-markers  and  liquor  labels;  small  vases, 
generally  in  Chinese  form  and  somewhat  in  Chinese  design  and 
color ;  several  with  good  "  splashed*'  and  flowing  colors. 

This  exhibit  is  of  high  quality,  especially  in  embossed  and  glazed 
encaustic  tiles,,  and  in  the  general  character  of  the  wares  shown. 

Thomas  Aspinwall  exhibits  tiles  from  R.  Minton  Taylor,  Stoke- 

upon-Trent     (Not  for  competition.) 

Plain,  glazed,  encaustic,  majolica,  and  mosaic  tiles  for  wall  decora- 
tion and  pavements.  Printed  subject-tiles  are  particularly  good ;  a 
pair  of  upright  panels  of  Cupids  hunting  and  fishing,  excellent  in 
color. 

Craven,  Dunnill,  &  Co.,  Jackfield  Works^  ShropsJdre, 

Tiles  (floor  and  wall),  encaustic  (glazed  and  unglazed),  enameled, 
"  printed-and-fiUed-in,"  etc. 

The  plain  colors,  both  on  body  and  in  glaze,  are  good.  Glaze  un- 
equal in  quality.  Unglazed  encaustic  tiles  in  great  variety  of  designs, 
suitable  for  church  decoration. 

GiBBS  &  MooRE,  Southampton  Row^  London, 

A  panel  of  earthenware  tiles,  as  an  example  of  decoration  on  pot- 
tery ;  a  central  subject  of  Amphitrite,  with  borders  including  birds, 
well  designed,  and  various  water  animals  cleverly  introduced,  showing 
considerable  artistic  feeling. 

John  Edwards,  Fenton^  Staffordshire, 

Fine  white  earthenware  ("  granite")  table-,  tea-,  and  toilet-wares ; 
body  white,  of  moderate  hardness  and  compact,  shows  plasticity  of  ma- 
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terial ;  glaze  cl«ar  and  of  medium  hardness,  with  two  tones  of  color, — 
yellowish  and  bluish ;  forms  good  and  useful,  of  the  modern  English 
fashion,  well  moulded,  the  covers  well  fitted,  prices  low.  Decorated 
wares,  of  the  same  body,  in  various  patterns  of  ordinary  character.  A 
hot-water  dish  and  other  pieces  of  good  form  and  fair  decoration ; 
sanatory  wares  and  mortars  and  pesttes  of  a  hard,  useful  body.  The 
wares  made  in  the  style  of  French  domestic  porcelain-wares,  and 
resembling  them  in  appearance. 

Johnson  &  Co.,  Ditching  Potteries,  Sussex, 

Red  and  yellow  architectural  terra-cotta  of  varying  hardness.  Win- 
dows, mullions,  and  other  pieces  of  gothic  styles ;  ridge- tiles,  finials, 
vases,  columns,  etc.,  of  good  and  apparently  new  designs,  well  mod- 
eled. A  window  in  adapted  gothic  style,  of  pale  yellow  body  of  uni- 
form tint,  is  a  fair  specimen  of  work ;  modeling  of  fruits  and  flowers, 
in  full  relief,  sharp  and  clean. 

CoLTHURST,  Symons,  &  Co.,  Bfidgewater, 

Bath-bricks,  ridge  and  roofing  tiles,  air,  or  ventilating  bricks,  etc., 
body  good  in  texture. 

George  Cheavin,  Boston,  Lincolnshire, 

Exhibits  of  "  improved  patent  self-cleaning  rapid  water-filters"  of 
yellow  stoneware,  of  fair  texture. 

Chance  Brothers  &  Co.,  near  Btrmingliam, 

Discs  for  object-glasses  of  various  sizes,  of  heavy  flint  and  crown 
metals,  both  of  superior  quality  and  purity.  This  is  a  very  important 
house,  and  its  productions  are  well  known. 

John  Hetley  &  Co.,  London,    (Not  for  competition.) 

Glass  shades  and  bell-shaped  covers.  These  are  of  very  fine  quality, 
well  made  and  clear. 

Kilner  Brothers,  London, 

Glass  bottles,  jars,  etc.,  of  good  manufacture,  in  various  forms  and 
colors ;  the  stoppers  very  well  fitted. 

The  Aire  and  Calder  Glass  Bottle  Co.,  London, 

Bottles,  jars,  etc. ;  a  large  collection  of  these  articles  of  good 
quality  and  well  adapted  to  their  purposes. 
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James  Green  &  Nephew,  London, 

A  large  and  important  collection  of  glass  table-wares,  dessert- 
pieces,  liquor-bottles,  candelabra,  candlesticks,  lamps,  and  ornamental 
glasses.  An  exhibition  of  the  finest  quality  of  lead,  or  so7called 
"  flint"  glass,  the  metal  dense  and  brilliant.  The  forms  are  excep- 
tionally good,  many  being  graceful  and  artistic ;  the  cutting  good  and 
judiciously  used  in  decoration ;  the  engraving  of  excellent  designs, 
and  well  executed.  A  large  chandelier,  composed  of  lustres,  is  a  very 
fine  specimen  of  workmanship.  Large  blocks  of  glass,  cut  in  facets 
and  mounted  very  handsomely  in  gilt  metal  and  with  colored  glasses, 
form  brilliant  table-ornaments.  This  exhibition  is  highly  com- 
mendable. Especially  noticeable  is  a  sacramental  covered  flat  cup, 
or  tazza, — a  rare  specimen,  of  exquisite  form  and  fine  engraving.  The 
glass  is  cut  from  around  the  church  symbols  used  in  the  design,  leav- 
ing them  very  sharp  and  clear  in  high  relief;  the  whole  is  mounted  in 
fine  gold,  richly  and  fitly  designed  for  church  service. 


SCOTLAND. 

W.  &  J.  A.  Bailey,  Alloa, 

Brown  Rockingham,  "  splashed,"  and  tortoise-shell-wares,  as  tea- 
pots, plates,  jugs,  spittoons,  etc.  Body  fair,  and  moderate  in  texture ; 
glaze  soft ;  forms  good  and  suitable  for  use ;  colors,  in  variegated  and 
tortoise-shell-wares,  effective  and  brilliant     Prices  low. 

Peter  Gardiner,  Dunmore  Pottery ^  Stirling, 

Various  small  ornamental  objects  and  toys,  cups,  tea-pots,  vases, 
flower-pots,  etc.,  with  black,  dark-blue,  brown,  and  tortoise-shell 
glazes.  Very  good  specimens,  in  style  of  the  old  brown-glazed  Sus- 
sex wares.     Prices  very  low. 

Lindsay  &  Anderson,  Lillie  Hill,  Dunfermline, 

Terra-cotta  of  pale  but  irregular  color;  body  fair  in  hardness 
moulding  average.  Garden  vases,  pedestals,  busts,  fountains,  etc. 
a  fountain  about  8  feet  high,  in  three  portions,  is  cleverly  moulded 
drain-pipes,  fire-bricks,  etc. 

Thomas  Davidson,  Jr.,  &  Co.,  Glasgow, 
Tobacco-pipes,  fair  in  quality  and  moulding,  of  various  designs. 
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W.  &  J.  A.  Bailey,  Alloa. 

Glass  table-wares,  cut  and  engraved,  of  good  quality,  well  deco- 
rated and  finished. 

John  Millar  &  Co.,  Edinburgh. 

Table-wares,  jugs,  goblets,  etc.  A  small  collection  of  very  good 
quality  of  metal  and  ornament.  Some  of  the  engraved  glass  is  of 
fine  form  and  well  executed. 

Alex.  Jenkinson,  Edinburgh. 

Table-wares  and  decorative  glass.-  The  table-glass  of  good  quality ; 
the  forms  very  good,  and  the  pieces  light  and  thin.  Colored  glass, 
in  the  manner  of  the  old  Venetian,  is  especially  commendable  for  fine 
color,  form,  and  general  effect. 

CANADA. 

St.  John  Stone-Chinaware  Co.,  Quebec. 

White  "  granite"  (stone-china)  table-,  toilet-,  and  sanatory  wares. 
Body  of  medium  hardness,  heavy  and  white,  with  a  tolerably  hard, 
fairly  incorporated  glaze;  are  like  the  American  wares;  of  forms 
suitable  but  not  sharp  in  outline ;  the  decoration  of  ordinary  char- 
acter ;  a  dark-blue  decoration  is  noticeable  for  richness.  This  manu- 
factory has  been  established  about  one  year,  and  the  advance  made  is 
very  creditable  for  so  brief  a  period.  Also  *'  C  C,"  or  cream-colored 
table-,  toilet-  and  sanatory  wares  of  good  hardness,  dense,  heavy,  and 
fairly  white ;  the  glaze  moderately  white.  This  ware  also  has  a  general 
resemblance  to  the  American  productions ;  the  forms  are  suitable,  of 
ordinary  character ;  the  manufactory,  as  before  remarked,  is  of  recent 
growth. 

W.  &  D.  Bell,  Quebec. 

Exhibit  tobacco-pipes,  ordinary  in  quality.     Low-priced. 

Robert  Westnote,  Peterborough,  Ontario. 

Glazed  earthenware  filters  and  large  jars.  Body  rather  soft;  glaze 
good ;  moulding  and  fitting  ordinary. 

Smith  &  Kaye,  Enfield  Pottery,  Halifax,  Nova  Scotia, 

Terra-cotta  drain-pipes,  bricks,  jars,  chimney-tops,  etc.  Terra-cotta 
poor  in  character  as  to  material  and  moulding ;  stoneware  wanting 
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in  compactness.     These  works  have  been  established  for  many  years, 
and  came  into  the  present  hands  ten  or  twelve  years  ago. 


INDIA. 

The  India  Museum,  London. 

A  small  collection  of  about  thirty  pieces  of  pottery,  of  native  man- 
ufacture, from  various  localities  in  British  India,  from  Allahabad, 
Hyderabad,  Patna,  Madras,  Bombay,  etc.  The  characteristics  of 
native  Indian  pottery — putting  aside  the  defects  of  its  material  and 
the  imperfections  of  the  technical  processes  employed  in  its  manu- 
facture— are  frequent  elegance  of  form,  due  to  the  influence  of  the 
Mohammedan  rather  than  the  Hindoo  element,  admirably  adapted 
surface-ornament,  and,  when  glaze  is  used,  rich  and  harmonious  color. 

In  these  few,  and  comparatively  unimportant,  examples  these  points 
may  be  noticed,  and  it  would  therefore  be  instructive  for  Western 
potters  to  study  them.  The  water-bottles  and  the  glazed  bowl,  with 
elegantly  designed  fluted  cover,  illustrate  the  grace  of  outline  which 
still  belongs  to  their  art,  and  which  is  free  from  the  grotesqueness 
familiar  to  purely  Hindoo  thought. 

The  incised  ornament,  wherever  used,  is  a  model  of  simple,  fitting, 
and  sometimes  even  of  refined  decoration,  while  the  more  important 
and  elaborate  designs  traced  into  the  body  of  the  tiles,  and  made  ap- 
parent by  the  darkening  of  the  glaze  where  it  has  settled  into  these 
incised  lines,  are  altogether  admirable;  in  fact,  almost  as  good  as 
they  can  be.  For  color,  the  few  dark-green  glazed  pieces,  varied 
in  tint  by  the  method  just  described,  are  quite  excellent,  wholly 
free  from  the  crudeness  which  so  often  mars  green  tints  in  pottery. 
This  color  in  India  ware,  sometimes  enhanced  by  black  or  relieved 
by  a  golden  yellow,  might  give  a  lesson  in  effective  treatment  to  the 
artists  of  almost  any  factory  of  porcelain  or  pottery  among  Western 
nations.  A  warm  brownish-yellow,  on  which  is  laid  an  "engobe," 
or  superimposed  slip  of  lighter  yellow,  is  also  most  successful  in 
color,  and,  where  used  on  the  tiles,  is  excellent  in  the  judgment  and 
fitness  shown  in  the  geometrical  surface-ornament  so  indicated. 

It  is  to  be  regretted  that  the  small  number  of  pieces  brought  to- 
gether do  not  include  other  Indian  pottery-wares  not  less  effective 
than  those  here  shown. 

GOLD  COAST. 

Pottery  made  by  the  native  tribes.  A  small  collection  of  red  and 
black  pottery  of  old  traditional  and  simple  forms,  occasionally  having 
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good  outlines,  with  rude  attempts  at  ornament.  The  specimens 
have  a  character  which,  more  or  less,  recurs  in  all  such  examples  of 
the  work  of  uncivilized  people ;  forms  fitted  for  the  most  primitive 
uses,  and  a  very  rude  and  imperfect  attempt  at  firing  and  coloring,  or 
rather  staining. 

NEW  SOUTH  WALES. 

F.  &  H.  Baldock. 

Stoneware.     Jars,  jugs,  filters,  covered   pots,  pestle  and  mortar, 
drinking-mugs,etc,  are  of  sound  body,  fairly  potted  and  well  glazed. 


VICTORIA. 

G.  D.  Guthrie,  Epsom,  Sandhurst 

Pottery  and  stoneware;  Rockingham  tea-pots,  jugs,  etc.;  stone- 
ware bottles,  jars,  water-filters,  etc.,  of  good  and  useful  quality. 

Luke  Nolan,  Gilbrook  Pottery,  Brunswick, 

Red  terra-cotta  drain-pipes  and  joints  (of  coarse,  brittle  body),  vases 
and  ornamental  pieces. 

Commissioners  for  Victoria,  ^^w  Melbourne, 

Vases  in  yellow  terra-cotta  of  fair  body,  colored  and  decorated  to 
imitate  bronze,  but  by  means  of  colors,  which  are  not  of  hard  surface, 
concealing  and  injuring  a  fairly  good  material. 

R.  T.  Adams,  Melbourne. 

Stoneware,  of  gray  body,  moderately  hard,  in  water-filters  of  fair 
quality.  The  exhibitor  manufactures  "  Dahlke"  water-filters  for  the 
Yan  Yean  water. 

Bendigo  Pottery  Co.,  Sandhurst 
Gray  stone  still-worm,  good  body  and  fairly  potted. 

Birmingham  &  Lacey,  Brunswick, 
Red  and  white  moulded  bricks,  hard  and  solid  body. 

Ferguson  &  Urie,  Melbourne. 

Stained  glass  for  windows,  mostly  of  ruby  color,  fairly  engraved, 
and  a  small  painted  window  with  cattle  subject. 
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Gledhill,  Melbourne. 

Common   coarse   green-glass  bottles,  with  a  patent  arrangement 
for  stoppers. 

Melbourne  Glass  Bottle  Works  Co.,  Melbourne. 
Common  green-glass  bottles  of  ordinary  quality. 

Mount  &  Co.,  Melbourne, 

Lamp-shades,  bell-glasses,  jars,  etc.,  of  common  quality  and  ordi- 
nary forms. 


ITALY. 

G.  AsciONE  &  Son,  Naples. 

Modern  majolica,  in  the  style  of  the  sixteenth,  seventeenth,  and 
eighteenth  centuries.  Forms  imitated  from  good  models,  and  with 
some  success ;  colors  and  drawing  fair.  Also  imitations  of  ancient 
Greek  vases  of  good  design ;  the  decorations  not  so  successful  as  the 
forms.  Some  large  specimens  of  successful  potting  in  the  style  of 
Abruzzi  ware  are  well  executed.  Some  plateaux  on  a  large  scale, 
decorated  with  considerable  freedom  in  sixteenth  century  style,  and 
some  garden-seats  of  fair  design. 

Benucci  &  Latti,  Pesaro. 

Modern  majolica,  reproductions  of  the  sixteenth  and  seventeenth 
centuries,  as  wares  of  old  Pesaro  and  other  makes.  Oviform' vases 
with  snake  handles,  painted  with  Scriptural  and  mythological  subjects 
in  style  of  Ur*bino,  etc.,  are  commendable  for  general  effect  of  color 
and  drawing.  Salt-cellars  and  cups,  of  modified  sixteenth  century 
form,  are  good  in  color.  The  glaze  on  these  specimens  is  occasion- 
ally over-brilliant  Reproductions  of  work  of  Maestro  Giorgio,  of 
Gubbio,  with  yellow  and  ruby  lustres,  are  imitated  with  considerable 
success. 

Jafet  Torelli,  Florence. 

Modern  majolica  memorial-plates, -of  original  designs,  with  portraits 
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and  ornamental  borders ;  drawing  good  but  colors  somewhat  crude. 
Terra-cotta  groups  and  statuettes,  in  the  style  of  Clodion  and  others, 
produced  with  considerable  skill ;  seated  statuettes  of  Michael  Angelo 
and  some  others  are  good ;  recumbent  glazed  figure  of  a  female,  ap- 
parently in  imitation  of  certain  antique  works,  composed  of  various 
colored  marbles. 

ToRQUATO  Castellani,  Rome. 

Vases  and  large  plates,  ewers  and  tazzas,  reproductions  of  majolica 
of  the  fifteenth  century.  Some  specimens  remarkable  for  close 
similarity  to  early  work, — two  oviform  vases  are  commended  on  this 
ground.  Good  drawing  and  careful  adherence  to  the  effect  of  the 
ancient  work  are  commendable.  It  is  to  be  observed  that  the  colors, 
used  in  the  decorations  of  these  samples,  are  stated  to  be  the  same  as 
those  traditionally  employed  among  flie  Italian  potters  of  the  cinque^ 
cento  period. 

The  Farina  Company,  Faenza. 

Large  and  important  exhibition,  consisting  of  reproductions  of 
majolica,  Delia  Robbia,  and  other  early  Italian  potteries;  various 
specimens  showing  the  recovery,  to  a  certain  extent,  of  the  ruby  lustre, 
and  an  artistic  feeling  in  its  use;  pilasters  in  the  Renaissance  style; 
chimney-pieces  and  vases,  of  large  sizes  and  elaborate  character,  com- 
bine freedom  of  handling  with  considerable  merit  of  design.  A  table- 
top,  of  about  30  inches  diameter,  is  harmonious  in  color  and  artistically 
executed,  and  is  commended  for  design.  A  reproduction  of  Sgraffiato 
ware  is  highly  commendable.     Prices  of  all  this  ware  are  fair. 

Cesare  Miliani,  Ancona. 

Plates,  vases,  pilgrim-bottles,  a  large  centre-piece,  and  other  speci- 
mens in  the  style  of  the  early  sixteenth  century,  lustred  and  colored 
with  moderate  success ;  small  figures  representing  Sicilian  costumes, 
colored  and  uncolored,  are  modeled  with  considerable  skill  of  'design 
and  great  nicety  and  care  in  finish.  A  number  of  imitation  wicker- 
baskets  in  light  earthenware,  not  specially  notable,  as  also  a  few 
examples  of  very  coarse  printed  earthenware  of  low  prices. 

Emilio   Bertini,  Pisa. 

Earthenware  samples  of  a  new  process  of  decoration  overglaze,  of 
a  cheap  character,  in  which  photographs  are  used  for  reproduction. 
The  result  not  satisfactory. 
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Andrea  Boni,  Milan, 

Artistic  terra-cotta  statues,  statuettes,  fountain*ornaments,  busts, 
vases,  garden-seats,  etc.  A  hard  red  body,  the  surface  not  fine; 
modeling  somewhat  spirited  but  wanting  in  accuracy  of  outline ;  not 
uniformly  successful  in  the  firing.  A  figure  of  a  faun  representing 
Autumn,  one  of  a  set  of  the  four  seasons,  is  commended  as  a  work  of 
considerable  spirit, — designed  by  Del  .Mayno  and  modeled  by  Pelitti. 
A  fountain-group,  of  two  children  under  an  umbrella,  is  of  quaint 
design  and  pleasing.  The  above  specimens  are  produced  at  a  cheap 
rate.  Mr.  Boni  exhibits,  also,  some  specimens  of  imitation  stone 
tiles  of  fairly  good  quality. 

A.  Castellani,  Rome.     (Not  for  competition.) 

A  valuable,  interesting,  and  instructive  collection  of  early  lustred 
wares  and  Italian  majolica,  systematically  arranged,  commencing  with 
wares  of  the  Sicilian-Arab  period  and  continumg  until  the  time  of 
the  Abruzzi  painted  wares. 

Among  the  early  specimens  are  some  of  Eastern  type,  rich  in  color 
and  lustre,  forming  links  between  the  Arab  arid  the  Spanish-moresque 
art,  and  though  occasionally  rude  in  execution,  are  good  in  design 
and  most  efTective  in  color.  A  small  vase  of  splendid  purple  color, 
lustred,  shown  among  this  class,  is  apparently  of  Persian  origin. 
Next  in  order  are  the  large  dishes,  or  plateaux,  of  Spanish-moresque 
manufacture,  brilliant  with  red  and  golden  lustres,  most  effectively 
employed  and  giving  examples  of  a  decoration  bold  and  rude  in  exe- 
cution but  gorgeous  in  result.  This  forms  a  most  suggestive  style 
of  ornament,  which  has  been  imitated  by  modern  makers  with  con- 
siderable success.  These  wares  having  been  early  carried  to  Italy, 
suggested  or  stimulated  the  manufacture  of  similar  earthenware  in 
the  northern  cities. 

In  the  early  part  of  the  sixteenth  century,  there  arose  at  Gubbio 
the  manufacture  in  which  Maestro  Giorgio  Andreoli  seems  to  have 
invented  the  splendid  ruby  lustre,  with  which  his  name  was  associated 
until  his  secret  was  lost  and  the  art  died  out.  Some  valuable  exam- 
ples of  his  work  are  shown,  one  dated  1525.  These  are  suggestive 
examples  of  the  use  of  rich  colors  in  the  decoration  of  pottery,  and 
deserve  the  careful  study  of  artist-potters.  The  manufactures  of 
Caffagiolo,  Urbino,  Faenza,  and  of  Venice  are  also  illustrated  by  ex- 
amples, many  of  which  are  characteristic  and  some  important, — ^among 
these  are  plates  decorated  by  known  artists.  About  the  year  1600, 
these  subject-pieces  began  to  lose  something  of  their  fine  qualities  of 
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color  and  execution,  and,  soon  after,  a  decadence  can  be  traced  which 
was  not  checked  by  the  Abruzzi  and  Neapolitan  schools  of  majolica 
painting.  In  these  latter  a  lavish  profusion  of  subject  prevails,  the 
figures  are  freely  drawn  but  feebly  colored,  relieved  often  with  gilding; 
and  in  many  examples  landscapes,  treated  with  picturesque  effect, 
form  the  chief  part  of  the  decoration.  This  style  lasted  to  the  end 
of  the  eighteenth  century.  It  is  sufficiently  represented  in  this  well- 
selected  and  judiciously-exhibited  collection. 

LuiGi  OuviERi,  Venice. 

Mirrors,  candelabra,  beads,  mosaics,  etc.  Some  mosaic  tables, 
various  designs,  of  rich  effect ;  a  pair  of  candelabra,  of  old  Venetian 
style,  are  elaborately  finished. 

T.  Olevotti,  Venice. 

Glass  beads,  mosaic  tables,  spun-glass,  mirrors,  etc.  Tables  of 
Roman  style;  necklaces  of  beads,  in  imitation  of  satin,  etc.,  are  good. 

David  Bedendo,  Venice. 

Beads,  spun-glass,  tables,  mosaics,  etc.  Mosaic  table-tops  of  several 
styles,  rather  too  highly  colored.  Mosaics,  in  antique  styles  on  gold 
ground,  are  good. 

Ferro  &  Company,  Venice. 

Vases,  wine-goblets,  flagons,  etc.  The  traditional  styles  of  the 
Venetian  glass  are  well  preserved  in  this  collection,  and  the  examples 
exhibited  are  good. 

G.  B.  RoLANDi,  Milan. 

A  small  exhibit  of  table-wares  of  cut-glass.  The  "  metal"  of  mod- 
erate quality;  forms  and  cutting,^  mostly  in  flat  flutes,  of  ordinary 
character.  Also  specimens  of  moulded-  or  pressed-glass  of  common 
quality. 
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JAPAN. 


[Note. — ^The  numbers  are  those  in  the  Japanese  Catalogue.] 

No.  19.   Mikawachi-Yaki,  Mikawachi,  Arita,  Province  of  Hizen. 

Exhibited  by  the  Koran-Sha. 

Porcelain.  A  few  vases,  and  cups  and  saucers;  brownish-red  ground 
and  gold  ornaments ;  quality  moderate ;  prices  high. 

No.  20.  Y.  FuKAGAWA,  Arita^  Hizen, 

Porcelain.  A  large  collection  of  vases,  jars,  flower-holders,  large 
circular  dishes,  etc.  Special  productions  of  this  manufactory  are  very 
large  pieces,  as  vases,  plateaux,  or  circular  dishes,  etc.  One  pair  of 
vases  8  feet  high,  potted  in  two  pieces,  one  portion  being  nearly 
6  feet,  painted  in  blue,  hard-fired,  and  decorated  with  red,  gold,  and 
lacquer  in  low  relief, — subjects  of  monstrous  animals,  flowers,  etc. ; 
also  a  pair  of  vases  about  5  feet  high,  with  hard-fired  blue  medallions* 
and  red  ornaments,  fired  in  a  muffle  specially  constructed  for  these 
vases ;  two  plateaux,  or  circular  dishes,  upwards  of  3  feet  in  diam- 
eter, one  in  blue,  boldly  drawn,  with  subjects  of  swimming  fish ;  the 
other  of  same  size,  with  peonies  and  other  flowers,  leaves,  and  pheas- 
ants. These  very  remarkable  pieces  are  of  most  uncommon  size  to 
be  made  on  the  wheel,  and  are  fine  examples  of  skillful  manipulation 
and  artistic  ornament. 

Pair  of  vases  7  feet  high,  each  made  in  two  pieces,  of  full  flowing 
outline  and  strong  in  design  of  form  and  decoration,  are  remark- 
able specimens  of  potting.  Subjects,  water-plants,  well  drawn,  both 
as  to  detail  and  broad  general  effect,  in  monochrome,  under-glaze,  in 
the  style  called  ^*  sometsuki,'*  with  rich  cobalt  blue, — various  tones 
managed  with  address.  Handles  formed  by  the  conventional  lion  of 
Japan,  in  green.  Neutral  purples  and  greens  pricked  into  the  panels 
and  scrolls,  on  the  upper  and  lower  parts,  with  discrimination.  These 
noble  vases  are  very  highly  commendable, — ^they  were  made  and 
decorated  from  designs  by  Mr.  K.  Notomi.  A  pair  of  vases,  about 
S  feet,  by  a  student  of  Mr.  Notomi,  rich  in  color  though  rather 
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faint  in  design  of  subject.  A  large  plateau,  about  36  inches,  the 
ground  covered  with  scale- like  forms  (the  conventional  wave- form 
of  Japan),  heavily  impasted  in  fine  sea-green,  divided  by  black  lines; 
two  dragons,  male  and  female,  are  rolled  around  the  disk, — ^a  bold 
and  beautiful  work  of  great  merit,  from  design  by  Mr.  K.  Notomi. 

No.  21.  S.  FuKAOMi,  Ariia,  Hizen, 

Vases,  flower-pots,  tea-  and  coffee-services,  etc.  Forms  graceful ; 
very  minute  and  delicate  decoration  in  the  old  styles;  body  vitres- 
cent ;  glaze  of  a  slighly  greenish  tint,  produced  by  the  use  of  lixiviated 
wood-ashes ;  some  examples  of  small  saucers,  moulded  with  much 
dexterity  by  hand,  are  shown,  well  painted  with  flower-sprays.  The 
productions  of  an  eminent  potter,  who  ranks  among  the  four  best  in 
Arita.    The  exhibition  is  a  good  one. 

No.  21  bis,  K.  Tsuji,  Arita,  Hisen,    (Formerly  potter  to  the  Emperor.) 

Vases,  cups  and  saucers,  saki-cups,  bowls,  etc.  Cups  and  saucers 
very  light,  and  having  perforated  handles,  made  with  much  skill ; 
some  of  the  open-work  handles  are  made  by  moulding  and  cast  in 
plaster  of  Paris,  a  process  quite  recently  introduced  into  Japan  by 
himself  after  the  Vienna  Exhibition.  The  powdered  gold  ornament 
is  used  with  taste.  The  open  work  is  free  from  the  clumsy  effect 
which  occasionally,  owing  to  the  doubling  of  the  body,  deteriorates 
from  its  appearance,  and,  notwithstanding  the  solidness  and  thinness 
of  the  material,  is  so  minutely  and  skillfully  executed  as  to  compare 
with  any  work  of  the  same  character  produced. in  any  other  countr\\ 

No.  22.  Chaki-Shosha  {Tea-set  Manufactory)^  Kiyoto,    (Not  in  com- 
petition.) 

Old  stoneware,  tea-jars,  tea-measures,  etc.,  of  ancient  manufacture, 
stated  to  be  in  some  cases  about  four  hundred  years  old;  usually 
dark  monochrome  glazes,  and  mostly  of  rude  potting;  the  more 
ancient  pieces  hand-potted. 

No.  59.  KiRiu-KosHO-KuwAiSHA,  or  First  Manufacturing  and  Trad- 
ing Co.,  Tokio: 

This,  also,  is  a  collection  of  ancient  pottery  and  porcelain,  earthen- 
and  stonewares ;  bottles  of  coarse  gray  stone  and  earthenware,  said 
to  be  about  twelve  hundred  years  old.  The  collection  has  been  made 
with  the  object  of  illustrating  the  history  of  the  art  of  pottery  iif 
Japan,  and  possesses  much  archaeological  interest,  though,  in  general, 
the  objects  are  more  curious  than  artistic. 


No.  23*  Tanzan  Seikai,  Kiyoto, 

Porcelain  and  earthenware,  the  latter  yellowish  and  called  "Awata" 
ware,  its  body  very  soft,  but  refractory ;  glaze  feldspathic  and  hard. 
Vases,  flower-pots,  table-  and  tea-services,  and  decorative  pieces. 
Some  of  the  colors  are  very  bright,  and,  owing  to  the  attempt  to  in- 
troduce European  tints  and  to  imitate  European  combinations,  some- 
times lack  the  harmony  of  the  native  art. 

No.  24.  KiNKOZAN-SoBEi,  Kiyoto. 

Vases,  flower-pots,  coffee-services,  and  decorative  pieces  of  yellow 
earthen-  or  "Awata"  ware.  Some  large  pieces  are  minutely  and 
skillfully  painted  ;  a  bamboo-pattern  tea-service,  made  by  hand,  is  an 
example  of  very  excellent  potting  and  of  ingenious  design.  The 
small  pieces  are  cheap. 

No.  25.  Takahashi  Dohachi,  Kiyoto, 

Vases,  flower-pots,  tea-  and  coffee-services  of  porcelain  and  yellow 
earthen-, "  Awata,"  ware ;  porcelain  body  very  hard,  but  not  especially 
close  ;  glaze  thick,  moderately  incorporated,  and  bluish.  The  porce- 
lain decorated  in  a  peculiar  manner  with  gold  ground  and  figures  in  . 
relief;  some  brown-glazed  vases ;  also  gold-grounded  vases  of  wicker- 
work  patterns,  designed  in  German  style  ;  tea-wares,  well  made  and 
potted,  but  in  modern  European  style,  and  the  colors  often  modified, 
not  to  the  advantage  of  Japanese  art,  by  Western  taste ;  some  cups  and 
saucers  are  shown,  with  patterns  scratched,  or  graven,  on  the  body 
and  filled  in  with  glaze.  Prices  not  low.  Examples  of  a  process  are 
shown,  which  is  known  in  Europe  but  introduced  into  Japan  by  Mr. 
K.  Notomi,  of  reservation  of  design  on  the  ground,  by  means  of  ma- 
terial which  gives  way  in  the  firing  and  leaves  the  ornament  clear 
on  the  body  or  glaze. 

This  exhibitor  is  of  a  family  who  have  been  porcelain-makers  for 
two  hundred  and  thirty  years,  and  are  very  celebrated  in  Kiyoto. 

No.  26.  Shimidzu  Rokubei,  Kiyoto. 

Vases,  bowls,  tazzas,  tea-ware,  bottles,  etc.,  with  bright  colors  on 
brilliant  white  ground,  somewhat  affected  by  European  taste;  some, 
pricked  in  with  red  and  gold,  have  a  rich  effect.  Subjects  roughly 
painted  in  a  style  called  "Topa-ye,"  after  a  priest  who  is  popularly 
stated  to  have  lived  in  Topa  some  hundreds  of  years  ago,  and 
who  invented  this  style  of  painting,  which  is  bold  and  sometimes 
grotesque. 
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No.  27.  Kanzan  Denshichi,  Kiyoto, 

Porcelain  vases,  tea-  and  coffee-services,  incense-cases,  etc.  Some 
in  imitation  of  bronze  inlaid  with  gold ;  also  in  style  of  Indian  de- 
signs, on  a  dead  or  mat  ground,  over  which  are  drawn  flowers,  etc., 
in  gold,  with  rich  and  at  the  same  time  quiet  effect;  some  with  bril- 
liant colors  on  very  white  ground ;  pair  of  vases,  with  flowers  drawn 
in  blue  and  enriched  with  gold  and  green  veining  of  the  leaves,  pro- 
ducing a  peculiarly  soft  effect;  tea-service  of  tea-pot,  sugar-bowl, 
cream-ewer,  and  six  cups  and  saucers,  with  rich  red  ground  and  partly 
burnished  gold, — ^price  in  Japan,  $\^,  Examples  of  vases  are  shown, 
in  which  some  colors  are  used  unglazed  mingled  with  other  colors 
highly  glazed,  the  effect  being  successful. 

No.  28.  Wage  Kitei,  Kiyoto, 

Pottery  and  porcelain.  "Awata"  vases,  cigar-stands,  tea-services, 
and  ornamental  pieces,  with  embossed  ornament  of  flowers,  birds, 
etc.,  in  relief;  the  porcelain  also  ornamented  in  relief,  some  with 
grotesque  monkey  handles.  A  pair  of  large  vases,  24  inches  high, 
of  "  Awata"  ware,  with  raised  ornaments  and  flowers  in  full  relief 
around  the  base,  are  very  rich  examples  of  effect  in  decoration, — 
price,  ;g4S  per  pair.  Covered  bowls  with  stands  are  well  made  and 
decorated.  A  red  ground,  with  dull  gold  ornament,  finished  with 
burnished  details,  is  used  successfully  on  the  "Awata"  ware. 

No.  35.  Seifu  Yohei,  Kiyoto. 

Vases,  cups  and  saucers,  etc.,  of  porcelain.  Pair  of  white  vases,  with 
applied  vermiculated  ornament  in  relief,  having  a  somewhat  opaque 
lustrous  glaze,  20  inches  high,  ^40  per  pair,  are  well  potted  and 
handsome.     Prices  rather  low. 

No.  29.  Mashimidzu  Zoroku,  Kiyoto, 

Vases,  flower-pots,  bowls,  etc. ;  some  painting  in  blue,  with  good 
glaze,  successful, — for  which  blue  color  the  Kiyoto  manufacturers  are 
celebrated ;  the  specimens  are  heavy  and  not  well  potted ;  pieces  with 
celadon  glaze  of  thick  consistence,  on  a  coarse  body,  are  also  shown ; 
a  vase,  of  form  derived  from  bamboo,  is  good.  The  body  of  these 
wares  is  made  of  a  comparatively  impure  clay,  overlaid  with  a  better 
material.     Prices  low. 

No.  30.  Shimidzu  Shichibei,  Kiyoto, 
Porcelain  tea-  and  coffee-cups  and  saucers,  jugs,  etc.     Rather  coarse 
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body  and  glaze  ;  color  moderate;  not  well  potted.    A  jug  of  rather 

graceful  leaf  design,  forming  part  of  a  tea-service,  is  priced  at  II3.50 

in  Japan. 

No.  32.  Z.  Yeiraku,  Kiyoto, 

Porcelain  vases,  bowls,  flower-pots  and  -holders,  bottles  of  dark-red 
ground  and  gold  ornament ;  also  a  fine  bronze  ground,  with  imitation 
inlaid  ornament.  It  is  stated  that  the  grandfather  of  this  exhibitor, 
named  Zengoro  Yeiraku,  obtained  from  China  the  iron-red,  or  "  Ben- 
gara,"  color  now  used  by  his  descendants  and  by  various  others ; 
examples  of  this  splendid  and  effective  color  are  shown  in  a  pair  of 
vases,  the  gold  ornament  on  which  is  skillfully  drawn,  and  etched 
with  much  taste ;  neat  forms  of  tea-ware  and  a  good  celadon  ground 
are  shown. 

No.  31.  Shimidzu  Kameshichi,  ^y/^/<7. 

Earthenware  tea-  and  coffee-sets, — "Awata"  ware  of  pale-cream 
color.  As  the  glaze  of  all  "  Awata"  wares  crazes  universally,  they 
are  therefore  ill  adapted  for  ordinary  domestic  use,  but  being  copies 
of  Satsuma  potting,  they  are  very  popular  in  Japan 

No.  33.  Ch.  Tsuji,  Kiyoto, 

Tea-wares,  boxes,  and  small  pieces  of  "  Awata"  ware,  of  harder 

body  than  the  preceding ;  glaze  crazed  as  usual ;  decorations  of  fish, 

fruits,  insects,  etc.,  some  in  relief,  delicately  painted,  wiell  designed, 

and  elegant  in  effect;  a  soft,  shaded  pink  color  is  used  with  good 

judgment. 

No.  34.  Taizan  Yohei,  Kiyoto, 

Vases,  flower-pots,  tea-sets,  etc.  Some  large  and  important  pieces ; 
a  pair  of  vases  24  inches  high,  painted  boldly  and  well,  with  fish-  and 
flower-ornaments, — price,  J»30.  Others  of  the  same  general  character 
equally  successful  in  decorations, — one  pair  with  fowls  and  flowers, 
very  well  executed ;  a  pair  of  vases  24  inches  high,  well  painted  with 
landscapes  and  enriched  with  cloisonne  enamel  on  both  .sides,  pro- 
ducing a  very  decorative  effect,  cost  ^35.  Also  some  tea- wares 
decorated  in  excellent  taste. 

No.  10.  Kashiu  Sampei,  Igano-mura^  Province  of  Awaji, 

Pale  yellow  earthenware  called  **  Awaji"  ware;  of  a  soft  body  with 
hard  glaze ;  vases,  flower-stands,  and  small  pieces ;  the  specimens 
thin  and  well  potted,  and  carefully  and  minutely  painted.  Also  a 
hard,  almost  porcelainous  body  of  medium  glaze, — a  tripod  bowl,  well 
painted  with  tree,  peony,  iris,  mallow,  etc.     This  collection  is  praise- 
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worthy  for  the  neatness  and  delicacy  of  decorations,  and  for  hard 
body  of  stoneware.  These  pieces  have  for  the  most  part  been  shown 
at  Vienna. 

No.  II.  Ch.  Minoda,  Tokio, 

An  interesting  collection  of  ancient  pottery,  vases,  flower-pots, 
bowls,  etc.     Not  for  competition. 

No.  14.  Shitomi  Sohex,  Yokka-icki,  Province  of  he. 

Porcelain,  earthen-,  and  stoneware,  the  last  called  "  Banko-yaki," 
after  the  inventor,  of  an  unglazed,  hard,  strong  body;  the  pieces, 
which  are  of  various  colors,  drab,  dark-  and  light-brown,  and  reddish, 
are  potted  by  hand,  not  thrown  or  moulded,  are  tough  and  very  light ; 
some  of  the  handles  are  perforated.  Also  in  same  material  are  vases 
and  other  specimens,  in  which  two  or  more  colored  clays  are  blended 
together  throughout  the  body,  producing  a  singular  mottled  or 
marbled  effect,  called  "  Mokume"  ware;  in  some  pieces,  white  por- 
celain clay  is  inserted  by  perforation  of  the  body,  inscriptions  being 
thus  inlaid  so  as  to  show  through  the  entire  thickness  of  the  vessel ; 
tea-wares  are  shown  of  extreme  thinness,  the  handles  or  knobs  being 
made  movable  on  a  pivot ;  modeling  very  skillful ;  the  enamel  colors 
on  white  slip  are  stated  to  be  a  peculiarity  of  this  factory.  Prices 
not  low.     Cheap  and  poor  imitations  of  this  ware  are  abundant. 

No.  15.  Y.  Mori,  Yokka-ichi,  Province  of  he. 

Earthen-  or  yellowstone-ware  dishes,  etc.,  cleverly  decorated  with 
flowers,  etc.  "  Banko-yaki,"  or  ware,  is  of  hard  body.  Not  cheap. 
Is  the  successor  to  the  inventor  of  **  Banko-yaki,"  who  was  his 
ancestor,  and  whose  manufacture  he  continues  ;  he  was  the  master  of 
Shitomi  Sohei,  the  preceding  exhibitor. 

No.  16.  M.  Nakayama,  Kuwana,  Provime  of  he, 

• 

Porcelain,  "Banko-"  ware,  and  marbled  wares.  A  dish  with  cray- 
fish and  crabs,  very  cleverly  executed ;  some  other  pieces,  especially 
marbled  and  "  Banko"  wares,  decorated  with  judgment;  porcelain  not 
good.     Prices  very  low. 

No.  17.  Kato  Gosuke,  Tajimimura,  Province  of  Mino, 

Porcelain  small  pieces  decorated  in  blue, — a  specialty  of  this  house; 
potting  not  good,  but  some  painting  delicately  finished ;  the  wares 
are  well  decorated  in  fine  blue  color  on  very  translucent  white  body. 


No.  12.  T.  MiYAGAWA,  Ota,  near  Yokohama, 
No.  13.  Y.  Suzuki,  Yokohama.     All  the  work  of  the  same  maker, 

Makudzu-Kozan, 

An  important  collection,  in  porcelain  and  earthenware,  of  vases  of 
various  forms  and  sizes ;  some  also  in  biscuit  porcelain,  and  several 
with  objects  in  full  relief;  also  specimens  of  tea-wares,  well  made  and 
decorated.  Some  biscuit  decoration,  of  elaborately-wrought  figures, 
foliage,  etc.,  is  mixed  effectively  with  the  ordinary  colored  and  glazed 
ornament ;  also  a  vase  and  pedestal  in  imitation  of  white  coral,  very 
ingeniously  wrought;  a  pair  of  vases  decorated  with  grotesque 
figures  of  the  deities  of  wind  and  thunder  in  low  relief,  richly  col- 
ored; also  a  vase  in  imitation  of  coral,  glazed,  with  figures  of 
animals  skillfully  executed ;  a  pair  of  jar-vases  (with  biscuit  flowers 
of  life-size,  some  in  full  relief)  inclose  in  their  interior  other  glazed  and 
decorated  vases ;  another  pair  is  ornamented  with  imitation  palm-leaf 
fans,  very  cleverly  represented,  the  handles  being  in  relief,  and  the 
ribs  shown  through  the  texture  by  a  process  similar  in  ingenious 
effect  to  that  of  paie  sur  pate.  Earthenware,  a  modern  imitation  of 
Satsuma  ware.  A  set  of  three  large  pieces,  the  centre  one  being  a 
"  koro"  or  incense-burner,  with  recesses  in  the  sides,  in  which  are 
figures  of  some  of  the  seven  deities  and  their  companions,  are  elab- 
o/ate  and  excellent  specimens  of  great  skill  in  potting ;  they  are  also 
richly  decorated.  Price,  II150  for  the  set;  cheap  considering  the  re- 
markable character  of  their  workmanship  and  decoration.  Pairs  of 
vases,  15  inches,  painted  in  low  relief  with  fish,  crabs,  etc.,  admirably 
delineated,  ^15  per  pair. 

The  various  processes  of  this  porcelain  manufacture  are  extremely 
remarkable  and  ingenious,  several  of  the  pieces  being  apparently 
unique  in  character  and  of  very  difficult  execution.  The  earthen- 
ware, also,  shows  originality  of  conception  and  complete  mastery  of 
difficult  processes  of  moulding  and  potting.  Prices  very  low  for  the 
quality.  This  collection  is  worthy  of  study  for  invention  and  great 
ingenuity  and  skill  in  potting. 

No.  36.  M.  Marunaka,  Kanazawa,  Province  ofKaga,  Exhibitor, 

G.  Wateya,  Maker. 

White  porcelain  or  hard  white  stoneware,  flower-pots,  vases,  coffee- 
and  tea-sets,  tea-jars,  bowls,  etc.;  hard,  dense,  coarse  body;  feldspathic 
glaze;  moderate  in  designs  and  in  general  character  of  decoration; 
rather  coarse,  strong  colors  used,  as  green  and  purple,  and  not  always 
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harmoniously;  gilding  also  somewhat  crude.    Pair  of  vases  16  inches 
high,  $g  per  pair. 

The  creamy  color  of  some  of  the  Kaga  wares  gives  the  effect  sat- 
isfactorily of  the  so-called  "  ivory"  porcelain.  In  the  province  of 
Kaga,  it  is  stated  that  the  European  influence  has  not  yet  penetrated 
so  much  as  elsewhere.     Prices  low. 

No.  37.  Y.  YosHiDA,  Maker.    Same  Exhibitor, 

Porcelain,  or  hard  stoneware,  of  same  general  character  as  the  pre- 
ceding,— a  large  dish,  of  coarse  body,  boldly  decorated  with  flowers, 
etc.,  price.  $\,     Prices  low. 

No.  38.  P.  Awe,  Maker.     Same  Exhibitor, 

Porcelain,  or  hard  stoneware,  of  similar  character, — vases,  flower- 
pots, tea-  and  coffee-services,  large  dishes,  vases,  etc. ;  many  decorated 
with  much  gilding  on  the  " Bengara"-red  ground;  ornament  of  some 
pieces  raised  and  tooled;  effects  of  decoration  not  remarkable  for 
harmony  of  color. 

No.  39.  T.  Hekizan,  Maker,    Same  Exhibitor, 

Porcelain,  etc.,  as  before, — cups,  covered  bowls,  etc. ;  rather  coarse 
in  quality ;  much  gilding  on  the  usual  "  Bengara"-red  ground ;  some 
ornament  effective ;  cups  and  saucers  of  same  character,  of  red  and 
gold  ornament,  are  fairly  good  and  cheap  at  $y  per  dozen. 

No.  40.  S.  Seikan,  Maker.     Same  Exhibitor, 

Tea-jars,  coffee-sets,  etc.,  of  same  material, — ^a  large  tea-jar  painted 
in  compartments,  the  ground  being  the  "  Bengara'*-red  and  gold ;  on 
this  piece  is  seen  a  stippling  process,  used  by  this  and  other  Kaga 
decorators,  in  which  the  ground  is  covered  with  minute  dots  of  color, 
laid  on  with  the  point  of  a  fine  pencil  and  delicately  graduated,  so  as  to 
produce  the  effect  of  a  soft  and  equable  tint.     Price,  ^30. 

Tea-wares,  of  European  forms,  are  neatly  decorated  on  badly-potted 

pieces. 

No.  42.  T.  Shoza,  Maker,    Same  Exhibitor, 

Similar  ware, — tea-jars,  flower-pots,  small  drinking-cups,  etc.  A 
large  tea-jar,  of  17  inches,  is  a  fair  example,  the  "  Bengara"-red 
ground-color  being  judiciously  used ;  a  characteristic  piece  in  the  old 
style  of  work,  boldly  decorated,  price  ^15.     Prices  cheap. 

No.  43.  A,  Setzuzan,  Maker,     Same  Exhibitor, 
Similar  wares, — vases  or  beakers,  coffee-  and  tea-sets,  and  drinking- 
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cups.  Beaker-shaped  vases,  about  9  inches  high,  richly  decorated  with 
''  Bengara*'-red  and  gold,  and  medallions  elaborately  painted,  at  p)  and 
^13  per  pair,  are  very  cheap;*  tea-  and  coffee-sets  of  moderate  quality 
and  painting;  gilding  somewhat  lavishly  used. 

No.  44.  S.  Haruna,  Maker.    Same  Exhibitor, 

Vases,  tea-services, — tray  with  folded  Qorners,  etc.;  the  "Bengara"- 
red-colored  ground  used  richly  and  successfully  in  combination  with 
other  good  colors.  A  pair  of  vases  about  12  inches,  representing 
snow-scenes,  are  very  ingeniously  treated  and  expressively  painted. 
Price,  IS20  a  pair.  Pair  of  1 1  inches,  outlined  in  red  and  gold,  II24  a 
pair ;  tea-ware  elaborately  painted,  showing  good  work,  often  minute 
and  delicate. 

No.  45.  MuNEAKi,  Maker.     Same  Exhibitor. 

Similar  ware,— coffee-  and  tea-sets ;  forms  good,  handles  cleverly 
moulded,  painting  and  gilding  fair. 

No.  46.  K.  Utsumi,  Maker.    Same  Exhibitor. 

Similar  wares, — vases,  flower-pots,  cups,  etc.  Vases,  about  20  inches, 
decorated  in  silver  and  gold  on  black  ground  and  on  "  Bengara"-red, 
in  diaper-pattern,  clouded  with  delicate  stippling,  and  having  a  vigor- 
ously drawn  dragon  coiled  about  the  body  of  the  vase ;  an  effective 
and  characteristic  example, — ^price,  1^35  a  pair.  A  large  vase,  20 
inches,  with  same  red  ground  and  gold :  subject,  a  priest  under  an 
umbrella,  in  a  landscape  freely  and  skillfully  painted ;  altogether  a 
most  characteristic  specimen.  Price,  1^35  a  pair.  Other  pieces  with 
gold  rather  over-burnished  and  used  somewhat  lavishly. 

No.  48.  Chiuji,  Maker.     Same  Exhibitor. 

Similar  wares, — ^tea-  and  coffee-services,  well  potted  and  beautifully 
decorated,  some  in  old  style ;  tea-sets  of  fine  native  forms,  delicately 
painted  in  medallions ;  a  tea-service  with  twelve  cups  and  saucers, 
;^20,  is  cheap. 

No.  51.  K.  Shinoda,  Maker.     Same  Exhibitor. 

Similar  wares, — large  handled-  and  other  vases,  flower-holders,  tea- 
sets,  bowls,  etc.;  decoration  notable  for  precision  in  drawing  and 
sometimes  very  effective.  A  group  of  warriors  on  a  vase,  about  20 
inches,  is  excellent  in  color,  but  the  whole  effect  injured  by  ex- 
cessive use  of  too  highly  burnished  gold, — price,  $fO  a  pair.  Tea- 
service,  well  designed  and  richly  decorated  with  flowers,  etc.;  a  good 
rose-color,  carefully  graduated,  advantageously  modifies  the  effect  of 
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the  Otherwise  too  brilliant  gilding, — the  service,  with  twelve  cups  and 
saucers,  ^33. 

No.  52.  HiYOCHiYEN,  Tokio. 

Decorator  of  porcelain-ware,  mostly  from  Arita,  some  from  Awari. 
Vases,  flower-pots,  jars,  coffee-  and  tea-sets,  fan-shaped  plaques,  etc. 
Decoration  generally  of  the  finest  character  of  porcelain-painting  in 
Oriental  style.  Among  the  artists  employed  are  Schira-Ku  and  Shind- 
zan.  Some  of  the  designs  for  vases  have  been  furnished  by  Mr.  Notomi : 
among  the  latter  a  pair  of  covered  vases,  about  1 2  inches  high,  with  sea- 
side subjects  of  dashing  waves  and  spray  cleverly  indicated,  the  handles, 
formed  as  cray-fish,  most  skillfully  modeled ;  knobs  representing  the 
octopus, — price,  ^^43  a  pair.  Also  other  vases,  with  fish,  etc.,  are  admi- 
rably painted, — JS19  per  pair.  Another  pair,  about  12  inches  high, 
with  quails  flying  and  sunning  themselves,  are  exquisite  examples  of 
skillful  decoration,  the  touch  of  the  painting  being  singularly  express- 
ive,— ^24  per  pair.  A  tea-service  of  good  design,  decorated  in  a  very 
quaint  manner  with  tortoises  in  various  actions,  expressed  with  the 
utmost  humor,  playing  musical  instruments,  traveling,  dancing,  etc. 
A  set  of  fan-shaped  plaques  are  admirably  decorated  with  figures ; 
the  subjects  vigorously  sketched  and  brilliantly  colored.  A  vase,  in 
imitation  of  inlaid-metal,  is  a  curious  example  of  success  in  giving 
the  effect  of  gold-damascening. 

A  pair  of  vases,  about  12  inches,  of  exquisite  and  novel  design; 
female  figures  are  very  delicately  painted  in  rather  faint  colors,  and 
over  them,  drawn  very  closely,  thin  parallel  hair-lines  of  dull  gold. 
The  effect  is  as  seeing — perfectly  but  faintly — through  a  screen  of  thin 
bamboo  strips.  To  enhance  the  effect,  other  figures  are  strongly 
painted  over,  or  as  if  outside^  the  screen.  This  collection  is  admirable 
for  decorative  painting  and  for  a  high  artistic  feeling  for  color  and 
design,  with  considerable  invention. 

No.  9.  R.  Nakashima,  Kagoskima,  Province  of  Satsutna. 

Vases,  tea-jars,  bowls,  coffee-  and  tea-sets,  etc., — the  productions 
generally  known  as  Satsuma  wares.  A  cream-colored  body,  almost 
like  stoneware,  but  the  glaze  rather  soft,  and,  as  a  rule,  "  crackled" 
or  "  crazed"  with  a  net-work  of  minute  cracks.  A  very  extensive 
and  important  exhibition,  embracing  a  great  variety  of  specimens, 
many  of  unusual  size ;  the  decoration  in  color  is  often  minute,  but 
almost  always  vigorous  and  effective ;  the  drawing  of  birds,  fish,  and 
other  animals  very  clever;  the  human  figures  bold  but  usually  gro- 
tesque.    The  colors,  mostly  in   secondary  and   tertiary  tones,  are 
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effectively  l)rought  out  by  the  delicate  creamy  ground,  due  to  the 
material  of  which  this  celebrated  pottery  is  made. 

Among  conspicuous  pieces  may  be  named  a  pair  of  large  vases, 
about  5  feet  high,  the  whole  surface  incised  by  hand,  so  as  to  represent 
flat  woven-,  wicker-,  or  basket-work,  over  which  the  subjects,  of  birds, 
etc.,  are  freely  painted.  These  vases  stand  on  bases  of  dark  glazed 
color,  ornamented  with  rock-work,  water,  and  tortoises,  in  full  relief 
Price,  JI4S0  per  pair.  Another  pair  of  the  same  general  character, 
about  3  feet  high, — price,  II45  per  pair.  A  pair  of  vases,  25  inches 
high,  formed  of  a  central  cylinder,  decorated  with  flowers,  etc.,  around 
which  is  a  pierced  shell  of  very  perfect  open-work,  at  a  distance  of 
about  2]/i  inches  from  the  central  core,  very  perfectly  potted.  Price, 
$^0  per  pair.  A  pair  of  large  cylinder  vases,  more  than  3  feet  high, 
painted  with  bamboos,  etc.  Price,  ;f  75  per  pair.  Large  covered  jars, 
the  handles  of  the  covers  being  modeled  to  represent  a  tigress  and 
cubs,  remarkable  for  skillful  potting  and  clever  decoration.  Price, 
;^I30  per  pair.  The  originality  of  design  shown  in  the  handles  and 
accessories  of  the  specimens  is  notable  and  commendable.  Tea- 
wares  are  shown  of  a  fair  style,  some  well  decorated. 

The  general  character  of  many  of  these  specimens — and  among 
them  some  of  the  most  striking — is  in  a  great  measure  derived  from 
imitation  of  ancient  models.  A  few  of  these  are  so  closely  followed 
as  to  be  deceptive,  except  to  the  most  practiced  eye.  This  exhibition 
is  of  very  high  character. 

No.  58.  KiRiu-KosHO-KuwAisHA,  or  First  Japanese  Manufacturing 
AND  Trading  Company.  Exhibitor  of  Wares  made  at  Owari  and 
HizeUy  and  decorated  at  Tokio, 

Porcelain  and  pottery,  the  former  hard  and  very  white.  Vases, 
jars,  tea-wares,  etc.,  in  great  quantity,  forming  a  very  extensive  and 
interesting  exhibition  of  various  forms  and  styles  of  decoration. 

A  great  many  large  vases  of  similar  general  form,  on  which  roman- 
tic and  historical  figure-subjects  are  drawn  with  much  spirit  by  an 
artist  named  Masumoto-Senko.  These  are  called,  as  a  general  name, 
^' Bakimono''  subjects.  The  same  artist  has  also  decorated  a  pair  of 
vases,  with  large  swimming  fish,  brilliantly  colored.  Many  examples 
occur  throughout  this  collection  in  which  the  drawing  and  coloring 
are  very  striking ;  the  use  of  gold  is  also  especially  skillful,  being  em- 
ployed in  three  manners, — on  large  spaces  or  fields,  either  as  mat,  or 
burnished  or  powdered,  with  raised  bright  gold  o  naments,  forming 
a  background  to  the  painted  subjects,  besides  the  ordinary  method 
of  leaf  decoration.     In  some  cases  the  effect  of  the  figure-subjects  is 
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marred  by  overcrowding  of  the  groups.  An  unusual  color  shown 
may  be  noted  as  a  successful  imitation  of  the  clouded  tint  of  tortoise- 
shell. 

The  "  Bengara"  color  is  used,  but  not  so  successfully  as  on  the 
Kaga  ware.     This  collection  is  artistic  and  spirited  in  decoration. 

No.  56.  Kawamoto  Masukichi,  Maker,    T.  Iida,  Nagoya,  Province 

of  Owari,  Exhibitor, 

• 

A  very  extensive  and  remarkable  collection  of  pieces,  chiefly  blue 
and  white,  some  of  which  are  among  the  longest  shown  in  the 
Exhibition,  and  one  at  least,  namely,  a  table-top  of  nearly  6  feet 
diameter,  is  a  surprising  piece  of  potting,  unfortunately  broken  in 
transit 

The  decoration  of  these  pieces  is  often  of  a  very  high  artistic  char- 
acter, and  evinces  consummate  skill  in  the  designs.  Especially  must- 
be  mentioned  the  flower  decoration,  on  a  large  and  bold  scale,  of  the 
above-mentioned  table-top.  The  design  for  this  was  furnished  by 
Mr.  Notomi. 

Table-tops  and  screens,  of  fine  deep-blue  ground  evenly  applied, 
with  bamboo  patterns,  are  most  effective.  These  screens-  are  very 
curious  examples  of  ingenious  potting,  being  flat  slabs  of  massive 
porcelain,  about  3  feet  by  2  feet  6  inches,  decorated  on  both  sides, 
—one  side  fine  deep  blue,  with  bamboo  design  left  in  brilliant  and 
clear  white,  and  a  delicately-written  inscription  equally  clear,  and  on 
the  other  side  are  larger  medallions,  with  white  ground  and  blue 
ornament,  on  a  base  of  fine  green  and  diapered  gold.     $60  each. 

A  table  entirely  composed  of  porcelain,  the  stem  and  feet  in  one 
piece,  the  top  in  another,  richly  painted  with  fish,  etc.,  in  rich  blue; 
a  very  large  and  finely-made  vase,  of  upwards  of  6  feet  high,  is  a 
grand  example  of  the  potter's  art,  and  is  boldly  and  successfully 
covered  with  flower  decorations  in  the  well-conventionalized  style  of 
Japan.     Price,  $80.. 

Large  flower-pots,  some  nearly  3  feet  in  height  and  diameter, 
painted  in  blue  on  white  ground,  are  most  effective  pieces  and  admirably 
manufactured;  others  in  deep  blue  with  white  flowers  in  low  relief. 
These  flower-pots  are  of  very  solid  construction,  and  are  fired  with 
singular  success. 

The  decoration  of  this  house  is  mostly  deep  blue  on  white  and 
^^bleu  de  Roi**  ground. 

This  collection  is  highly  commendable  for  potting  on  a  very  un- 
usual scale,  accomplished  with  admirable  skill  and  success;  also  for 
very  fine  color  and  decoration.     Prices  very  low. 
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No.  57.  GosKE,  SetOf  Owari.     Same  Exhibitor, 

Porcelain  of  hard,  white  body  and  glaze;  small  pieces,  tea-jars, 
flower-pots,  boxes,  etc.,  in  blue  and  white,  occasionally  touched  with 
delicate  tints  of  pale  green  and  pink,  used  with  judgment  Among 
the  patterns  is  a  diaper  derived  from  the  form  of  the  scales  on  the 
tortoise's  back,  called  Kami-no-ko ;  also  a  pattern  imitated  from  the 
ancient  Chinese  "  May-flower"  ornament.     Very  cheap. 

No.  57.  Hanoke,  Seto^  Owari.     Same  Exhibitor. 

Porcelain,  of  hard  white  body  ancf  glaze.  Tea-wares,  small  pieces, 
and  boxes  in  blue  and  white ;  also  a  large  and  very  remarkable  piece- 
in  form  of  a  drum,  on  a  stand,  surmounted  by  a  cock,  emblematic  of 
a  state  of  peace  and  contentment  in  the  country  when  the  drum, 
called  "  Tai-ko,"  which  was  beaten  by  persons  wronged  as  an  appeal 
for  justice,  remains  unused  and  becomes  a  perch  for  the  fowl. 

Tea- wares  of  very  elegant  forms  and  beautiful  decoration,  in  blue 
for  the  most  part,  but  also  delicately  united  with  pale  pink  and 
touched  with  pale  green.  The  forms  and  style  are  native.  Price, 
JI3  for  tea-pot,  sugar-  and  cream -jug.  Cups  and  saucers  of  same, 
^1.50  per  dozen;  also  plaques  for  introduction  into  carved  furniture, 
a  bowl  painted  boldly,  with  insects,  etc.,  of  about  9  inches 
diameter,  at  ^i.     Prices  low. 

No.  18.  S.  FuKiHARA,  Tokio, 

Cloisonne  enamel  on  porcelain.  This  method  of  decoration,  which 
has  only  been  employed  to  any  extent  during  the  last  few  years,  is 
an  imitation,  as  exact  as  can  be  accomplished,  of  the  well-known 
process  long  used  on  a  copper  or  brass  ground  both  in  China  and 
Japan.  The  method  of  fixing  the  dividing  metal  wire  into  cloisons, 
of  filling  them  with  enamels,  and  the  general  treatment  of  these 
wares,  is  as  nearly  the  same  as  the  difference  of  the  bases  will  per- 
mit. The  adhesion  of  the  wires  to  the  porcelain  is  much  less  cer- 
tain and  the  application  of  the  process  to  this  material  more  laborious 
and  costly. 

The  specimens  shown  consist  of  vases,  boxes,  tea-cups,  trays,  etc.; 
a  few  on  a  large  scale,  one  vase  being  upwards  of  2  feet  in  height. 
The  ground-colors  are  generally  successful,  a  delicate  lavender  tint 
is  specially  ta  be  noted ;  the  decoration  copied,  as  above  stated,  from 
metal-work,  for  which  it  is  generally  more  fitted,  is  nevertheless 
harmonious  in  tint  and  eflective. 
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No.  53.*  Shippo-Kuwaisha,  Nagoya,  Province  of  Owari. 

Collection  of  vases,  boxes,  cups,  etc.,  of  the  same  general  character 
as  the  specimens  exhibited  by  Mr.  S.  Fukihara,  of  Tokio.  In  some 
of  this  Nagoya  work  silver  cloisons  are  also  employed,  and  inlaid 
portions  of  the  same  metal  used  with  good  effect.  One  vase,  orna- 
mented with  marine  animals,  as  the  octopus,  prawn,  etc.,  is  a  most 
remarkable  specimen  of  skill  in  carrying  out  a  difficult  design  in  this 
not  very  tractable  material. 

A  small  unnamed  collection  of  terra-cotta  figures,  glazed  and  un- 
glazed,  enriched  with  variously  colored  material;  some  not  fired. 
These  very  curious  figures  for  the  most  part  illustrate  Japanese 
legends,  and  are  modeled  with  singular  power  of  expression  and 
much  humor.  The  characters  thrown  into  the  countenances  and 
attitudes  are  very  forcible  and  quaint. 

It  will  not  be  out  of  place  to  introduce  here  a  few  statements  as  to 
some  of  the  effects  of  the  Vienna  Exhibition  of  1873  upon  the  manu- 
facture of  porcelain  in  Arita,  and  as  to  the  character  of  the  production 
of  porcelain  and  earthenware  in  Arita,  in  Kioto,  and  elsewhere  in 
Japan.  Although  the.  Arita  porcelain  had  been  awarded  the  diploma 
of  honor  at  the  Vienna  Exhibition,  yet  the  manufacturers  of  that 
place,  as  they  became  acquainted  with  the  condition  of  the  manu- 
facture in  other  countries,  acknowledged  the  defects  of  their  own 
system  of  working,  and  recognized  the  necessity  of  a  complete  change 
in  their  mechanical  and  technical  processes.  Moreover,  the  reports 
made  by  members  of  the  Vienna  Commission  had  impressed  upon 
the  minds  of  those  manufacturers  the  advantages  which  large  estab- 
lishments have  over  smaller  ones,  in  the  employment  of  machinery 
and  in  the  organization  and  subdivision  of  labor. 

Thus  impressed,  Mr.  Tetsuka,  an  energetic,  practical,  and  patriotic 
man,  labored  for  three  years  with  great  assiduity,  and  finally  succeeded 
in  associating  with  himself  the  three  largest  manufacturers  in  Arita, 
viz.,  Mr^  Fukagawa,  Mr.  Fukaomi,  and  Mr.  Tsuji,  under  the  title  of 
the  ''Koran-shay  These  four  united  houses  have  formed  a  company, 
and  will  erect  large  works  provided  with  all  the  foreign  improve- 
ments, machinery,  etc.,  for  the  production  of  porcelain  of  high  quality. 
Mr.  Fukagawa  is  an  excellent  potter,  and  produces  some  of  the 
largest  pieces  known  in  Japan,  of  which  some  superb  specimens  are* 

*  The  excellent  catalogue  to  which  these  numbers  refer  was  published  by  the  Japanese 
Commission  to  the  Philadelphia  Exhibition.  It  contains  much  valuable  and  interesting 
information  as  to  the  manufactures  of  Japan,  and  is  well  worth  study. 
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shown  in  this  Exhibition.  Mr.  Fukaomi  manufactures  smaller 
articles  of  artistic  designs  and  peculiar  finish,  and  Mr.  Tsuji  was  for 
many  years  potter  to  the  Emperor,  furnishing  the  Imperial  household, 
having  a  specialty  of  thin  and  light  wares.  As  regards  decoration, 
the  Karan-slia  will  preserve  the  Japanese  character  of  their  art, 
which  is  due  to  the  composition  of  subjects  as  well  as  to  the  tech- 
nics of  painting.  The  associates  of  the  Koran-sha  have  shown  their 
respective  exhibits  at  Philadelphia,  in  accordance  with  the  above 
statement.  Their  articles  are  characterized  by  good  and  often 
by  remarkable  workmanship  and  knowledge.  More  attention  than 
formerly  has  been  given  to  forms  which  are  mostly  purely  Japanese. 
In  the  decoration  not  more  than  four  or  five  enamels  are  employed 
that  were  used  in  former  times.  The  colors  have  all  been  manufac- 
tured in  Arita  by  improved  methods  and  of  purer  materials.*  The 
style,  without  being  a  mere  copy  of  old  pieces,  is  based  upon  the 
pure  Japanese  manner  of  ornamentation. 

In  comparing  the  usual  Arita  (Hizen)  porcelains  which  are  found 
in  the  shops  of  Yokohama  with  those  exhibited  at  Philadelphia,  it 
will  easily  be  seen  that  a  very  decided  advance  has  been  made.  It 
may  be  truly  said  that  no  collection  of  Japanese  porcelain  has  ever 
been  shown  outside  of  Japan,  and  never  even  there  as  offered  for  sale  or 
open  to  the  public,  at  all  comparable  with  the  exhibit  made  in  Phila- 
delphia. It  is,  however,  to  be  regretted  that  so  few  pieces  of  the  fine 
under-glaze,  cobalt-blue  ware,  called  ''Sometsuke,''  are  shown,  this 
ware  being  very  highly  and  justly  esteemed  in  Japan. 

From  Kiyoto  are  exhibited  two  kinds  of  ware,  viz.,  porcelain,  and 
a  fine  pale-yellow  earthenware,  called  "  Awata-yakir  The  materials 
for  the  porcelain  are  brought  from  other  provinces ;  those  for  the 
Awata  ware  are  found  in  the  vicinity  of  Kiyoto.  Some  of  the 
manufacturers  produce  both  kinds  of  these  wares ;  generally,  how- 
ever, they  make  but  one.  The  porcelain  is  made  on  quite  a  small 
scale  and  in  pieces  of  moderate  size,  vases  rarely  exceeding  i8  inches 
in  height.  The  Sometsuke  ware  made  here  enjoys  a  high  reputa- 
tion, being  freely  and  well  painted.  Of  this  ware  but  little  is  shown 
in  the  Exhibition,  and  the  Seiji,  or  celadon-grounded  ware  of  this 
place,  is  also  poorly  represented.  The  Kiyoto  manufacturers  are  also 
celebrated  for  reproducing  almost  all  kinds  and  styles  of  Chinese 
arid  Japanese  wares. 

The  Awata  ware  described  in  this  report,  and.  as  now  made,  is 
thought  in  Japan  not  to"  have  been  improved  in  quality,  design,  or 
decoration.     The  introduction  and  free  use  of  foreign  enamelcolors 

*  The  vitrifiable  colors  employed  are  mostly  of  transparent  enamel. 
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have  deteriorated  the  value  and  beauty  of  this  ware  by  leading  to 
over-ornamentation,  to  the  nearly  total  loss  of  the  original  native 
character.  The  wares  of  Mr.  C.  Tsuji  are  in  good  contrast,  in  this 
respect,  with  almost  all  the  other  collections  from  Kiyoto,  being 
lightly  and  judiciously  decorated,  and  in  more  characteristic  style. 
The  same  remarks  as  are  applied  to  the  Aw^ta  apply  also,  but  in 
a  less  degree,  to  the  Awaji  wares  here  shown,  which  are  hardly 
equal  to  those  exhibited  in  Vienna  and  elsewhere. 

In  concluding  the  report  upon  this  almost,  if  not  quite,  unrivaled 
exhibition  of  Japanese  porcelain  and  pottery,  it  may  be  said  that  the 
specimens  of  modern  porcelain  shown  seem  to  be  of  variable  hard- 
ness of  body,  and  the  glaze  does  not  generally  appear  so  closely 
incorporated  with  the  body  as  in  the  best  European  varieties. 


GRAND   DUCHY  OF  LUXEMBOURG. 

Utzschneider  &  Jannez,  Wasserbillig. 

Terra-cotta  paving-tiles,  pale-yellow  and  black.  Body  hard  and 
sonorous,  forms  simple  and  sharply  moulded.  The  black  body  re- 
sembles the  "blue  brick"  or  " terro-metallic"  body  of  England 
Prices  very  low.  A  large  manufactory,  employing  several  hundred 
hands. 


MEXICO. 

Alexander  Cassarin,  City  of  Mexico. 

Specimens  of  very  hard  porcelain,  body  rather  coarse ;  some  forms , 
good  and  unusual ;  several  colors  bright,  showing  considerable  tech- 
nical skill.  Specimens  of  porcelain  decorated  with  subjects  after 
Meissonier  and  others,  creditable  for  spirit  of  execution.  Vases  of  a 
light  porous  biscuit  body  of  Moorish  design ;  pottery  of  red  body 
with  glittering  black-glaze,  from  Aztec  designs,  made  by  the  present 
Indians  of  Mexico.  A  red  earthenware  vase  of  coarse  body,  curiously 
inlaid  with  fragments  of  glazed  pottery  or  porcelain;  terra-cotta 
objects  painted  in  oils  with  Mexican  ornaments. 

Tiles   of  hard   brick-clay,  sharply  moulded,  good   body,  various 
colors  of  subdued  tones. 
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THE  NETHERLANDS. 

P.   GOEDEWAAGEN,  Gouda. 

Pipes  and  cigar-holders.  An  excellent  exhibition  of  various  kinds 
of  clay  pipes  of  white,  black,  and  red  clays ;  some  with  very  long 
stems ;  carefully  and  accurately  moulded ;  some  with  twisted  shanks ; 
miniature  pipes  showa  as  illustrating  minute  care  in  the  manipulation 
of  the  clay. 

Ravenstyn  Brothers,  West  Raven,  near  Utrecht. 

Tiles  with  colored  subjects  and  marbled  patterns ;  some  also 
painted  in  the  style  of  old  Dutch  designs,  neatly  and  cleanly  done 
and  in  good  color. 

H.  C.  VON  Heukelom,  Utrecht, 

Tiles  for  roofing,  and  drain-pipes,  fire-bricks ;  some  bricks  glazed 

in  black,  and  fourteen  differently  colored  bricks  for  pavements  are 

shown. 

C.  G.  L.  Koeleman,  Beijmen. 

Bricks  and  tiles,  some  glazed ;  of  ordinary  and  better  quality ;  also 
drain-tubing ;  green  and  yellow  glazes  are  well  used  on  the  tiles. 

R.  FoNTEiN,  Franeker. 

Roof-tiles  of  red  terra-cotta  and  blue  brick;  soft  bodies  and  of 
ordinary  make  and  character. 

J.  J.  B.  I.  BouvY,  Dartrecht. 

Window-glass,  sky-lights,  door-plates,  lenses  for  ship-lanterns, 
etc.  Some  window-plates  are  bent  in  various  forms,  showing  good 
workmanship;  the  lenses  are  also  of  good  quality  and  commend- 
able. 
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NORWAY. 

Von  Schwarzenhorn,  Christiania. ' 

Hard  porcelain  of  vitreous  body,  heavy,  of  good  color  and  fitness 
for  glaze,  bearing  some  resemblance  to  Limoges  porcelain.  The 
glaze  is  of  good  solidity,  fairly  incorporated  and  colored,  transparent, 
and  of  average  quality  as  regards  adaptation  to  colors.  The  forms 
are  generally  good ;  some  specimens  are  printed  in  black  and  brown 
with  subjects  after  Tiedemand,  others  are  painted  over  the  printing. 
The  decoration  generally  suitable  to  its  purpose  and  minute  and 
careful  as  far  as  copying  from  the  works  of  native  artists  goes. 

Wm.  Gram,  Christiania. 

A  series  of  about  twenty  pieces  of  German  and  Flemish  stone- 
wares. Krugs,  tankards,  and  other  pieces  exhibited  as  specimens  of 
the  sixteenth  and  seventeenth  centuries  pottery.  A  collection  illus- 
trating fairly  the  style  and  manufacture  of  this  ware. 

The  Christiania  Magazine. 

From  the  Hurdal,  Biri^  Hodeland,  and  Hevig  glass-works.  Table- 
wares of  all  kinds,  window-glass,  lamps,  etc.  Cutting  fair  but  glass 
of  ordinary  quality  and  styles.     Prices  very  low. 


PERU. 

GifiLLERMO  B.   CoHiLLE,  Uma, 

A  curious  collection  of  ancient  Peruvian  pottery,  consisting  of  red, 
yellow,  and  black  specimens  of  soft  body,  unglazed. 

The  generally  grotesque  character  of  this  pottery,  by  which  it  is 
best  known,  is  occasionally  relieved  by  the  recurrence  of  pieces  ele- 
gant and  classical  in  outline, — ^a  few  such  pieces  are  here  shown ;  the 
incised  ornament  on  some  of  the  specimens  is  very  curious  and  some- 
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times  suggestive;  occasionally  ornament  is  also  executed  in  low 
relief.  The  moulded  human  figures  and  those  of  grotesque  animals 
are  typical  of  this  species  of  pottery,  but  they  are  wanting  in  the 
power  of  expression  which  some  semi-civilized  people  have  contrived 
to  give  to  such  works. 


PORTUGAL. 

Antonio  d* Almeida  da  Costa  &  Co.,  Oporto, 

Terra-cotta  architectural  pottery,  vases,  drain-pipes,  and  bricks. 
Body  of  the  terra-cotta  very  soft,  the  color  delicate ;  balustrades  fairly 
designed  and  moulded ;  statuettes  of  Indians,  etc.,  fairly  good ;  vases 
plain  white  and  marbled  patterns;  large  vases,  about  25  inches  high, 
with  cream-colored  glaze,  roughly  ornamented  with  blue,  sold  at 
^3.85  ;  floor-tiles  of  soft  body,  plain  and  encaustic,  at  from  $1  to  ^3 
per  hundred ;  glazed  tiles  of  ordinary  patterns ;  a  pair  of  large  lions 
in  glazed  terra-cotta ;  a  series  of  large  figures  and  groups  in  terra- 
cotta, painted  in  natural  colors,  are  cleverly  modeled  and  expressive ; 
drain-pipes  in  gray  stoneware,  with  mottled  glaze,  of  hard  body. 

Joao  do  Rio,  Jr.,  Oporto. 

Soft  yellow  terra-cotta  floor-  and  wall-tiles,  some  with  patterns  in 
relief,  others  with  blue  ornament,  glazed,  from  $2  to  $4.  per  hundred. 
Statuettes  of  nearly  3  feet,  with  white  tin  glaze,  in  the  early  Italian 
style  of  Delia  Robbia,  are  good  and  very  cheap, — one  of  Penelope, 
priced  $6f  is  well  designed  and  successfully  executed. 

,  Manuel  Cypriano  Gomes  Mafra,  Caldas  da  Rainha,  Estremadura, 

A  considerable  collection  of  vases,  dishes,  baskets,  animals,  imita- 
tion Palissy  pieces,  etc.  Well  modeled  from  nature.  A  large  circular 
dish,  with  various  fish,  etc.,  in  full  relief,  is  very  good  and  cheap  ;  also 
an  oval  dish  with  cray-fish  is  remarkably  well  modeled  and  manufac- 
tured ;  small  imitation  wicker-work  baskets,  very  delicately  and 
minutely  executed.  This  exhibition  is  of  original  character,  with 
good  expression  in  the  work.     The  prices  are  very  low.. 

Jose  Alves  Cunha,  Caldas,  Oporto, 

Yellow  earthenware  and  terra-cotta,  some  in  the  manner  of  Palissy. 
also  figures  of  bulls,  pigs,  etc.,  basket-work,  grotesque  tea-pots,  etc. 
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Designs  peculiar,  sometimes  humorous  and  attractive.  Prices  low. 
(The  workmen  of  these  exhibitors,  according  to  the  information  of 
the  Commissioner,  receive,  the  men,  from  30  to  60  cents  per  diem ; 
the  women,  10  cents ;  and  the  children,  6  cents  per  diem.) 

Jose  GoNfALVES  da  Vittoria,  Arada, 

Black  pottery-ware, — jugs,  pots,  tea-pots,  bowls,  inkstands,  water- 
bottles,  crucibles,  etc. ;  the  forms  good ;  prices  very  low ;  stated  to 
bear  fire  well  for  cooking  purposes.  This  and  the  following  exhibition 
show  good  forms  in  the  commonest  pottery. 

Candido  C91MBRA,  Ossella. 

Black  pottery-ware  of  similar  character  to  the  last  preceding,  but 
the  surfaces  rather  superior. 

JoAO  DA  RozA  Marques,  Extremoz, 

Red  pottery,  very  light  and  porous,  for  water-coolers,  for  which  it 
is  extremely  well  adapted,  with  incised  and  sometimes  slightly  painted 
ornament ;  a  rude  decoration  is  also  produced  by  inserted  fragments 
of  white  quartz  in  knobs  in  relief;  of  traditional  forms,  good  and 
often  elegant ;  pottery  fair.  Coolers  holding  nearly  a  gallon  are  sold 
for  5  cents  each.  The  prices  are  very  low.  Another  illustration  of 
good  forms  in  coarse  pottery. 

Antonio  da  Costa  Lamego,  Lisbon, 

Terra-cotta  vases,  tiles  (glazed  and  unglazed),  baskets,  bricks,  etc 

A  large  garden-vase  of  fair  design  and  moulding ;  the  tiles  very  soft 

but  cheap. 

SiLVA  &  Santos,  Oporto, 

Terra-cotta  figures  representing  various  national  characters,  painted 
in  oil-colors,  and  costumed  with  imitation  cloth,  etc ;  cleverly  modeled 
and  expressive.     The  prices  low. 

Miguel  Campolini,  Oporto. 

Red  terra-cotta  vases,  flower-pots,  water-filters,  etc.  Also  a  small 
exhibition  of  figures  in  the  same  style  as  those  shown  by  Silva  & 

Santos. 

Alberto  Cypriano  Martines,  Lisbon, 

Architectural  pottery,  earthenware,  bricks,  tiles,  and  drain-pipes; 
cream-colored  and  black-glazed  terra-cotta;  good  architectural  scroll- 
ornament, — ^pleasing  in  color  but  somewhat  wanting  in  sharpness. 
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Luis  Neuville,  Abrigada-Manufactory^  Lisbon, 

Drain-pipes  of  hard  stoneware  with  mottled  glaze,  fire-bricks,  etc. 
An  important  manufactory  on  a  large  scale. 

Pedro  Antonio  Marques,  Aveiro. 
Common  domestic  wares  for  ordinary  use,  very  cheap. 

Jose  Paulode  Miro,  Tejolo, 

Tiles  and  bricks  of  red  soft  body  of  ordinary  character.     Prices 

very  low. 

BoiM  &  Co.,  St  Michaels^  Azores. 

Domestic  wares, — jugs,  tea-pots,  tiles  (blue  and  in  relief),  black 
glazed  wares,  spittoons,  etc.,  of  ordinary  character. 

Emanuel  Conquij,  St.  Michaels,  Azores. 

A  collection  of  coarse,  red  terra-cotta  large  water-jars,  pots,  drain- 
pipes, etc.,  of  ordinary  body,  good  forms,  and  very  cheap.  Pitchers 
of  about  8  gallons  at  10  cents ;  5  gallons  for  3  cents ;  of  2  gallons,  4 
cents ;  and  covered  jars  of  about  3  gallons  for  6  cents.  (The  wages 
of  labor  at  this  manufactory,  as  stated  by  the  Commissioner,  are :  for 
men,  from  28  cents  to  ^i ;  for  women,  12  cents  to  20  cents  ;  children, 
3  to  5  cents.) 

Manufactory  of  Vista  Alegre,  Aveiro. 

Porcelain  dinner-,  dessert-,  and  tea-services,  vases,  and  other  orna- 
mental pieces.  Body  very  compact  and  vitreous ;  glaze  good,  hard, 
and  well  incorporated  with  body ;  potting  and  forms  moderate.  This 
exhibit  shows  an  advance. 

John  Scott  Howard. 

Earthenware  dinner-  and  toilet-services.  Body  rather  soft,  glaze 
fair.  Large  vases  are  shown ;  printed  patterns  in  imitation  of  English 
style ;  forms  passable.     Prices  moderate. 

Andre  Michon,  Oporto. 

Cylinders   for  common   window-glass    and    shades,   of   ordinary 

quality. 

Fabrica  da  Marinha  Grande,  Oporto. 

Glass  table-wares,  lamps,  bottles,  etc,  of  ordinary  character;  the 
metal  of  common  quality ;  cutting  rich  on  heavy  forms. 
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Cabo  Mondego  Company. 
Cylinders  for  common  window-glass,  of  ordinary  character. 


RUSSIA. 

Banafedi,  Saint  Petersburg. 

Terra-cotta  with  soft  yellow  body  and  brilliant  enamel ;  colors 
laid  on  the  body;  many  specimens  decorated  with  characteristic 
designs  in  traditional  Russian  style,  very  eflFective;  vases,  dishes, 
plaques,  tiles,  etc.     Exhibit  small  but  instructive. 

KoRNiLOFF,  Saint  Petersburg. 

An  important  manufactory  is  represented  by  a  small  collection  of 
plates  and  cups  and  saucers,  from  original  and  often  rich  designs.  It 
is  to  be  regretted  that  this  large  establishment  has  not  sent  a  more 
considerable  exhibit. 

Lavretski,  Saint  Petersburg, 

Two  yellow  terra-cotta  groups, — ^a  boy  holding  a  monkey,  and  a 
boy  and  girl  with  bird;  gracefully  conceived  and  fairly  modeled;  ma- 
terial soft.  These  are  the  original  designs  and  modeling  of  the  artist, 
who  is  also  exhibitor. 

Art  and  Industrial  Museum,  Moscow. 

Yellow  earthenware  of  soft  body,  decorated  in  brilliant  enamel- 
colors,  with  various  designs  of  ancient  Russian  character,  from  the 
eleventh  to  the  sixteenth  centuries ;  many  of  them  effective,  and  all 
having  a  certain  character  of  quaint  vigor  and  originality;  dishes, 
jugs,  goblets,  tiles,  plaques,  etc. 

Casimir  Cibulsky,  Cmielow. 

(In  Agricultural  Hall.) 

Stone  tea-wares,  pots,  jugs,  jars,  etc.,  of  hard,  gray  body,  but  not 
vitreous ;  glaze  hard,  and,  on  outside,  of  a  rich  brown  color,  and  in- 
side white.  Forms  good,  rather  uncommon,  and  useful  for  purposes. 
Also  some  yellow  terra-cotta  flower-pots,  etc.,  painted  with  subjects 
in  national  costume.     Prices  exceedingly  low. 
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Two  unnamed  exhibits  from  Russia  form  a  small  and  mixed  col- 
lection of  porcelain  and  yellow  earthenwares.  The  porcelain  is  of  a 
coarse,  hard  body  and  glaze,  rather  dark  in  color,  forms  ordinary,  and 
decorations  rude.  In  earthenware  are  small  household  and  deco- 
rative pieces.  The  body  is  quite  plastic  and  fairly  hard,  of  fine,  clear, 
yellow  color,  with  rich  glaze.  Forms  good  and  uncommon ;  decora- 
tions, in  painted  flowers,  etc.,  are  better  than  ordinary,  and  in  good 
taste.     Pieces  are  made  thin  and  light,  showing  good  potting. 


SPAIN. 

PiCKMAN  &  Co.,  Seville. 

Pottery  called  "  opaque  porcelain."  Body  white  and  compact,  but 
soft,  and  glaze  soft.  Dinner-  and  dessert-services, — forms  of  ordinary 
modern  style,  printed  and  painted  in  rather  dull  colors;  metallic 
lustres  employed  in  some  cases,  fairly  well.     Prices  moderate. 

Vases,  flower-pots,  and  other  pieces,  decorated  in  high  colors; 
letters  for  signs ;  tiles  of  soft  body  and  glaze,  but  effective  in  bright 
color,  with  copper  and  other  lustres  skillfully  used  with  a  view  to 
color  and  decorative  effect. 

Antonio  Giminez,  La  Rambla,  Cordova. 

Pottery  of  soft  crean\-colored  unglazed  and  porous  body,  chiefly 
for  evaporating.  Water-vessels  with  characteristic  decoration  of  or- 
naments in  high  relief,  produced  in  clay,  the  same  as  the  body, 
having  a  peculiar  and  fantastic  effect.     Prices  low. 

Antonio  Leon,  La  Rambla^  Cordova, 

Exhibition  of  the  characteristic  soft  pottery,  made  for  the  same 
purposes  as  the  preceding  exhibit. 

Miguel  Aljama,  La  Rambla,  Cordova. 
Exhibition  of  soft  pottery  similar  to  the  foregoing. 

CoMisioN  Provincial  de  Burgos. 

Water-jug  with  high  sharp  blue  points  in  the  body  of  the  ware, 
called  the  "  porcupine." 
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From  Alcora, 

White  earthenwares  for  domestic  purposes,  with  a  rich  glaze,  but 
soft ;  among  them  the  traditional  barber's  basin. 

Francisco  G.  Montalban,  Seville. 

Common  earthenware  for  domestic  uses.  White,  soft  body  and 
glaze.  Large  dishes  and  other  vessels,  painted  rudely,  but  often 
effectively,  in  a  few  strong  colors,  in  the  style  which  is  a  continuation 
of  the  Moorish  work  of  the  fifteenth  and  sixteenth  centuries.  These 
wares  are  remarkably  cheap;  a  dish  of  25  inches  in  diameter,  painted 
with  the  above  decoration,  costs  only  35  cents,  and  small  dishes  of 
the  same  character  18  cents  per  dozen;  also,  common  white  printed 
earthenware  very  cheap.  Tiles  are  shown  with  quaint  designs, 
some  drawn  in  blue  with  Scriptural  figure  subjects,  adapted  from  old 
Spanish  masters.  A  good  exhibition  of  national  characteristic  pot- 
tery, and  exceedingly  cheap. 

Juan  Olago,  Trujillo^  Caceres. 

Porous  earthenwares  of  red  body  for  water-jars,  sold  at  a  remark- 
ably cheap  rate;  also  white-  and  brown-glazed  wares  for  ordinary 
domestic  purposes ;  some  coarse  bottles,  but  of  good  form,  holding 
more  than  a  quart  each,  are  sold  from  14  to  18  cents  per  dozen. 

Remijio  Bueno,  Caceres. 

Coarse  red  wares,  often  of  a  very  good  form  and  of  singular  cheap- 
ness ;  a  large  vase-like  jar  of  antique  outline,  priced  about  3  cents. 

Francisco  Clemento  Herman,  Carcegenta,  Valencia. 

So-called  "  artificial  stone"  and  soft-bodied  tiles,  with  glaze  in  imi- 
tation of  veined  marble. 

Miguel  Nolla,  Meliana^  Valencia. 

Encaustic  tiles  of  varied  colors  and  patterns  for  pavements,  of 
fairly  hard  body,  in  two  colors  of  clay;  shaped  for  tessellated  or 
inlaid  floors.  The  exhibition  is  small,  but  the  manufacturer  pro- 
duces a  great  variety  of  patterns  of  good  desig^. 

Manuel  Veralta,  Seville. 
Red  tiles  of  ordinary  character,  very  cheap. 
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Llevat,  Reus,  Catalonia. 


Plain  and  encaustic  tiles  of  moderate  body  and  various  colors,  for 
tessellated  or  inlaid  pavements;  ornaments,  in  two  colors  of  glaze, 
sharply  defined. 

Manuel  de  Soto  y  Tello,  Seville, 

A  large  exhibition  of  earthenware  glazed  tiles,  for  wall  decoration, 
of  various  shapes  and  rather  complicated  outlines  made  up  into  large 
and  striking  panels,  the  colors  effective  and  often  well  disposed;  some 
with  geometrical  diapers  in  low  relief,  others  composing  large  painted 
subjects,  boldly  designed  and  drawn, — among  them  a  spirited  archi- 
tectural piece ;  also  a  vigorous  scroll-pattern. 

Salvador  Diez,  Manises,  Valencia, 

Tiles,  colored  and  glazed,  of  soft  earthenware  body,  with  flowers 

and  geometric  subjects.     Prices  very  low,  beginning  at  $1,60  per 

hundred. 

Francisco  Fabregos  &  Co.,  Castellon. 

Tiles  of  same  character  as  preceding,  sold  at  low  prices. 

R.  Gonzalez,  Valencia. 
Glazed  tiles  of  various  patterns. 

Macia  Santiagos  &  Co.,  La  Bobila, 

Roofing-  and  flooring-tiles  of  rude  manufacture  and  moderate 
glaze,  but  with  colors  which  are  capable  of  producing  harmonious 
and  picturesque  effects,  particularly  for  out-door  use  among  foliage. 

Joaquin  Barella,  Barcelona. 

Red  and  yellow  floor-tiles,  soft  body  fairly  made  and  fired ;  outlines 
clean  and  surface  smooth. 

Thomas  Fernandez,  TrujiUo. 

Pilgrim-bottles  of  ordinary  red  unglazed  ware,  and  evaporating 

vessels. 

Jose  Fernandez,  TrujiUo. 

Red  ware  for  ordinary  use,  of  similar  character  as  preceding. 

Unknown  Exhibitor. 

Terra-cotta  balustrades  and  other  pieces  for  architectural  uses  are 
fair  in  quality. 
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Trubia  Government  Works,  Oviedo. 
Fire-bricks  and  screw-caps  for  telegraphic  purposes. 

A.  Farres  &  Co.,  Barcelona. 

Glass  table-wares,  lamp-glasses,  etc. ;  metal  of  fine  quality  with  rich 
cutting  and  engraving  on  good  forms. 

Modesto  Casademunt,  Barcelona, 
Glass  bottles,  shades,  and  window-glass  of  ordinary  character. 


SWEDEN. 

Rorstrands  Company,  Limited,  Stockholm, 

Fine  earthenware,  or  "  opaque  china,"  decorated  table-wares.  Body 
of  medium  hardness,  light,  white,  and  well  adapted  to  glaze;  resem- 
bling good  English  earthenware.  Glaze  solid,  white,  and  clear,  of 
medium  depth  and  richness,  fairly  transparent,  and  fitted  for  colors. 
Forms  generally  imitations  or  adaptations  of  those  of  eighteenth 
century.  Designs  and  decoration  fairly  good,  mainly  from  the  same 
sources.  An  advance  seems  to  have  been  made,  and  the  result  com- 
pares well  with  the  products  of  a  similar  character  of  other  factories. 
The  prices  are  low,  and  the  ware  closely  resembles  porcelain  and  is 
commendable. 

The  "white  stone-china"  is  very  hard,  compact,  and  fine;  the 
glaze  durable  and  good,  and  in  other  respects  the  ware  is  satisiactor)'. 

The  earthenware  of  second  quality  in  table-wares  has  a  body  of 
medium  hardness  and  a  somewhat  bluish  glaze ;  the  forms  are  good 
Decoration  resembles  ordinary  English  printed  and  enameled  wares. 
The  prices  are  low. 

In  earthenware  decorative  pieces  a  good  exhibit  of  vases,  eta 
Some  very  large  pieces,  generally  well  potted,  colors  decidedly 
good,  designs  not  generally  commended  as  original  but  with  some 
good  forms;  prices  moderate.  A  very  large  and  really  elegant 
chimney-piece  and  stove  of  fine  body  decorated  in  pale-blue  tur- 
quoise and  gold,  with  centre  vase  and  ornaments  in  relief  and  a  pair 
of  large  candelabra  to  match, — a  good  specimen  of  a  well-made  and 
neatly-decorated  household  stove  at  very  moderate  price.     Majolica 
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and  Palissy  ware,  called  by  the  exhibitors  "  Northern  Majolica"  and 
"  Palissy,"  of  numerous  designs,  many  being  repetitions  or  adapta- 
tions of  those  well  known.  The  body  compact  with  good  glaze,  very 
brilliant.  Prevailing  tone  of  grayish-green,  not  fine  or  rich  but  har- 
monious and  pleasing;  in  modeling  fairly  good.  A  large  chimney- 
piece  with  stove  is  well  modeled  and  effective;  its  glaze  perhaps 
rather  too  brilliant.     Prices  low. 

Biscuit-ware,  Parian,  etc.  Some  moderately  good  Parian  statuettes, 
etc.,  and  some  biscuit  porcelain,  not  remarkable  but  cheap.  A  few 
specimens  of  biscuit  of  a  new  body,  having  a  soft  ivory-yellow  tone, 
with  decorations  in  relief  in  mat  gold,  and  effect  pleasing,  are 
commendable. 

Porcelain  tea-wares  are  shown.  Hardness  of  body  above  average, 
light  and  thinly  made,  plastic,  and  fairly  adapted  to  glaze  and  colors. 
The  glaze  is  solid  and  well  incorporated,  not  brilliant  in  color  but 
well  applied  and  of  medium  richness,  with  a  fair  capacity  for  colors. 
It  resembles  that  of  English  porcelain.  The  forms  are  suitable  to 
purpose  and  fairly  designed.  The  decoration  also  is  not  obtrusive. 
The  ware  bears  a  general  resemblance  to  some  French  porcelains. 
It  is  not  cheap.  Some  decorative  pieces  are  shown,  but  these  are 
not  remarkable. 

GusTAFSBERGS  COMPANY,  near  Stockholm, 

Parian  statuettes  and  vases.  Body  of  good  creamy  tint  and  fine 
texture;  modeling  of  the  more  important  pieces  good,  but  the 
figures  show  irregular  shrinkage  in  firing,  and  are  not  very  sharp. 
Biscuit  vases  and  flower-stands  with  delicate  open  tracery  well  made 
but  not  of  distinctive  character.  Majolica  and  Palissy  wares  of  com- 
pact body  and  of  gray  tones  of  color,  fairly  good  but  not  harmonious 
in  effect;  the  designs  mostly  not  original.  Large  vases  of  fine  white 
earthenware  not  showing  any  remarkable  points  but  elaborately 
decorated. 

Earthenwares  for  table-services  of  ordinary  quality  of  body; 
texture  light;  color  white,  resembling  ordinary  English  wares. 
The  glaze  well  incorporated,  of  fair  color,  not  rich.  Forms  suitable 
to  purposes  and  of  fair  design;  some  of  northern  character  and 
decorated  with  "Runic"  interlaced  ornaments.  There  seems  to  be 
evidence  of  advance  in  the  productions  of  this  company,  and  efforts 
have  been  made  to  engage  artists  of  repute.  At  Rorstrand  the  suc- 
cess which  results  from  chemical  skill  in  manufacture  is  greater,  but 
more  considerable  art  efforts  are  made  at  Gustafsberg. 

Porcelain  table-wares  are  also  shown  of  a  fairly  hard  and  vitreous 
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body  of  average  weight,  white  color,  and  good  adaptability  to  glaze. 
The  glaze  is  solid,  well  incorporated,  rich,  and  transparent.  The 
forms  are  suitable,  having  somewhat  the  character  of  the  eighteenth 
century  and  of  fair  design,  as  is  the  decoration.  A  very  large  vase  is 
exhibited,  of  about  48  inches  height,  ovoid  form,  scroll  handles,  dark- 
blue  ground,  with  belt  of  ornament  on  gold  ground  showing  a  pro- 
cession of  figures  representing  the  provinces  and  products  of  Sweden ; 
drawing  and  design  fine,  but  colors  not  well  developed  in  the  fire. 
Also  a  large  vase  of  light-blue  ground  of  same  form  is  well  potted. 

HoGANAS  Coal-Mining  Company,  Hogands. 

An  important  exhibition  from  extensive  works,  producing  goods  to 
the  value  of  nearly  ^400,000  annually.  Terra-cotta  vases,  pedestals, 
jars,  drain-  and  sewer-pipes,  garden-seats,  etc. 

Terra-cotta  moderate  in  body  and  in  colors,  moulding  fair;  animal 
heads  shown  are  fair  specimens  of  moulding,  presumably  original. 
Also  a  large  vase  of  brown  marbled  ware  of  good  form  and  success- 
ful execution. 

A  dark-gray  terra-cotta-ware  for  architectural  decorations  in  imita- 
tion of  ^'pietra  dura^  A  column  of  this  material  is  good  in  general 
design  and  moulding,  the  fluted  drums  composing  it  fitting  with 
accuracy ;  all  specimens  being  clean  in  moulding  and  sharp  in  out- 
line. Stoneware  (salt-glazed)  pots,  covered  jars,  water-barrels,  etc., 
of  serviceable  character  and  quality.  A  leaf  ornament  beneath  the 
handles  is  introduced  with  judgment  and  executed  with  precision. 

Fire-bricks  and  pieces  for  grates,  etc.,  excellent  in  work  and  in 
refractory  qualities.     The  whole  exhibition  is  good. 

OsTRAND,  Helsingbarg. 

Large  jars  of  stoneware  of  hard,  solid  quality,  serviceable  in  form 
and  texture. 

Reymyra  Company,  Reymyra, 

Glass  table-  and  dessert-wares,  druggists'  bottles,  etc  The  table- 
wares are  of  fairly  good  quality  of  metal,  the  forms  are  often  good, 
and  the  cutting  suitable  to  purposes.  The  prices  of  these  are  low. 
The  chemical  ware  is  good  and  well  adapted  to  uses.  A  very  exten- 
sive manufactory,  with  large  annual  products. 

Frederick  Brusewitz,  Limmared. 

Glass  table-wares,  druggists*  wares,  bone-glass,  etc.  The  glass 
is  of  ordinary  qualities  at  very  low  prices.     The  bone-glass,  mugs, 
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etc.,  painted  in  the  taste  of  the  country.  The  druggists'  wares  are 
adapted  to  their  purposes.  This  house  was  established  in  1748,  and 
is  of  much  importance. 


TURKEY. 


Ferhad,  Salanica, 

Cups  and  saucers,  bowls  and  covers,  pipes,  etc.,  of  dark  body, 
stained  black  on  surface,  and  ornamented  with  designs  in  silver,  or 
white  metal,  laid  on  in  low  relief  in  elegant  patterns. 

An  Agha,  Rotissiouk, 
Same  character  of  wares,  but  superior  in  quality. 

Ismail  Ousla,  yerusaUtn. 

Red  terra-cotta  stained  black,  tea-ware,  pipes,  etc.,  with  incised 
patterns  of  characteristic  designs,  are  good  in  style  and  decoration. 

Bekir  Agha. 

Red  terra-cotta  coffee-wares.  Small  pieces,  but  well  designed  and 
ornamented  with  incised  patterns ;  extremely  well  harmonized  with 
the  forms. 

Mehmed,  Constantinople. 

Red  terra-cotta  pipes,  bowls,  coffee-cups,  etc.,  with  surface  polished 
on  the  wheel  and  ornamented  with  gilding ;  decoration  used  with  skill 
and  good  effect. 

HoussEiN  OusTA,  Dardanelles, 

Yellow  earthenware,  for  the  most  part  green  glazed;  vessels  for 
domestic  use,  of  ordinary  material  but  having  among  them  some 
good  and  artistic  forms, — ^bottles,  bowls,  animals,  etc. 

Yaniu,  Yorghi. 
Yellow  water-bottles,  touched  with  colored  glazes.    Prices  very  low. 
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TUNIS. 

The  Bey  of  Tunis  exhibits  a  small  collection  of  terra-cotta  vases, 
bottles,  water-jars,  mugs,  etc.  The  body  is  very  light  and  porous, 
sometimes  coarse,  of  pale-red  and  creamy  tint, — in  some  cases  both 
clays  being  used  in  the  same  piece, — and  but  slightly  baked.  The 
ornament  of  incised  patterns  is  rather  rude  in  design  and  execution, 
but  bears  traces  of  a  better  origin  in  art.  A  water-jar,  about  2  feet 
high,  is  of  the  oldest  and  most  elegant  traditional  type  of  Oriental 
form, — a  very  elongated  ovoid,  with  a  rather  long  neck,  handled  on 
two  sides.  Vases  covered  with  pale-yellow  and  green  glazes,  showing 
well  the  incised  ornament  underneath,  are  very  harmonious  and  quiet 
in  tone,  and  give  another  instance  of  good  and  instructive  effect  pro- 
duced with  the  simplest  and  coarsest  materials.  A  large  round  vase, 
with  more  elaborate  and  better  incised  designs,  serves  as  a  drum, — 
the  bottom  being  left  open  and  covered  with  parchment, — ^and  is  a 
good  specimen  of  fine  effect  produced  by  a  rich  green  glaze  used  over 
incised  patterns. 


UNITED  STATES. 

AMERICAN  POTTERY. 


The  important  collection  of  pottery  from  the  United  States,  being 
the  first  ever  shown  in  any  International  or  even  in  any  national  Exhi- 
bition, appears  under  conditions  which  justify  a  general  preliminary 
notice.  In  this  first  display  the  collection  is  one  altogether  unlooked 
for  and  surprising  in  its  magnitude,  even  to  those  acquainted  with  the 
immense  advance  made  within  the  last  ten  years  by  the  potters  of  the 
United  States.  The  large  space  taken  by  them  in  this  Exhibition  is 
fully  and  closely  occupied  by  wares  of  excellent  body  and  glaze,  of 
their  own  production,  showing  a  high  quality  attained,  and  a  great 
value  of  material  in  what  may  be  called  almost  a  new  "  body"  in 
pottery-wares. 

Coarse  and  bulky  wares  were  manufactured  in  the  United  States  at 
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an  early  period,  probably  reaching  back  to  the  middle  of  the  last 
century.  As  early  as  1760-1770  potteries  of  a  better  class  were 
established,  and  gave  such  promise  of  success  that  Wedgwood,  the 
eminent  potter,  expressed  his  apprehension  of  the  effect  of  these  upon 
the  English  "  trade  and  prosperity."  In  1769  woqks  were  begun  in 
Southwark,  Philadelphia,  which  existed  for  several  years.  Of  this, 
however,  it  is  regretable  to  say,  but  little  is  known.  During  the  war 
with  Great  Britain,  1812-1815,  numerous  potteries  were  established 
for  making  coarse  domestic  wares,  even  including  some  for  making 
••C  C,"  or  cream-colored  wares,  which  after  the  conclusion  of  that  war 
were  closed,  as  their  productions,  neither  in  price  nor  quality,  bore 
comparison  with  imported  wares. 

From  that  time  until  about  the  year  1830,  no  efforts  were  made  to 
enlarge  the  number  of  potteries  other  than  those '^or  making  such 
kinds  as  could  not  be  imported  profitably  because  of  their  cheapness 
and .  bulk.  About  the  year  named  a  porcelain-manufactory  was 
established  in  Philadelphia,  in  which  was  practically  shown  the  possi- 
bility of  making  in  commercial  quantities  a  hard  porcelain,  of  good 
and  serviceable  quality,  by  using  only  the  materials  found  abundantly 
in  many  parts  of  the  United  States.  This  serious  attempt  lasted  for 
several  years.  The  products  were  white  and  decorated  table-  and 
tea-services  and  ornamental  pieces.  These  were  sold  at  reasonable 
prices  by  an  establishment  in  Philadelphia  dealing  mostly  in  them. 
The  sales  at  one  time  reached  to  a  considerable  amount  for  the  period. 
The  "body"  of  this  porcelain  was  sound,  brilliant,  and  of  great 
toughness,  with  a  hard  glaze.  The  decorations  were  not  so  success- 
ful, owing  to  the  difficulty  of  procuring  proper  artists,  and  perhaps  to 
the  lack  of  educated  taste  among  the  general  buyers.  These  decora- 
tions were  mostly  of  flowers  and  other  simple  subjects,  somewhat 
stifHy  painted  in  rather  dull  colors.  This  manufactory  closed  afler  a 
few  years,  leaving  considerable  loss  to  the  enterprising  and  praise- 
worthy  founders. 

Subsequently,  and  at  intervals,  other  hard-porcelain-works,  on 
lesser  scales,  were  established,  generally  for  the  production  of  door- 
plates,  door-knobs,  etc.,  and  for  cups  and  saucers  and  other  small 
pieces.  Among  the  most  notable  of  these  were  works  at  Green  Point, 
N.  Y.,  and  at  Philadelphia,  between  the  years  1845-1855.  These 
enterprises  had  generally  indifferent  commercial  success,  leading  to 
failure.  At  the  present  time,  however,  there  are  a  few  porcelain- 
works  firmly  established,  making  these  small  pieces,  together  with 
very  thick  and  heavy  wares  for  table-use  in  restaurants,  etc.,  with  fair 
pecuniary  success.      From  these  it  is  hoped  may  arise  large  and 
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valuable  manufactures,  in  which  finer  form  and  decoration  may  be 
developed  when  art-museums  shall  have  been  established  and  the 
influence  of  art-culture  shall  be  more  felt  at  the  centres  of  industry. 

During  this  period  there  also  sprung  up  throughout  the  countiy 
many  additional  potteries,  making  gray-  and  yellow-stone,  and 
"  Rockingham"  wares,  etc.,  which  generally  met  with  success  when 
properly  conducted.  As  early  as  1850  many  of  these  coarser  pot- 
teries were  successfully  established  at  Trenton,  N.  J.,  at  East  Liver- 
pool, Ohio,  and  elsewhere. 

At  Trenton,  about  the  year  1854,  an  effort  was  made  to  produce 
finer  wares, — at  first  by  imitating  to  a  certain  extent  the  English 
"white  granite"  wares,  of  which  very  large  quantities  were  and 
still  are  imported  into  the  United  States,  they  being  entirely  plain 
or  undecorated.  After  some  failures  and  great  losses,  by  persistent 
and  praiseworthy  efforts  this  important  manufacture  was  well  estab- 
lished in  the  year  1866,  becoming  an  entire  success  about  the  years 
1 870-1 873,  and  the  resulting  product  is  the  present  white  granite 
"body"  of  the  United  States.  Following  this  came  other  successful, 
manufactories  at  Liverpool,  Ohio,  and  at  other  places,  until  at  the 
present  time  many  "granite"  potteries  are  in  operation  in  several 
States  of  the  Union. 

It  is  to  be  regretted  and  condemned  that  in  the  early  manufacture — 
in  obedience  to  a  supposed  necessity — the  trade-marks  of  well-known 
English  houses  were  stamped  upon  "granite"  wares,  and  in  so  bi 
some  of  these  laudable  efforts  and  deserved  successes  were  stained 
with  misrepresentation.  At  the  present  time,  however,  this  bad  and 
mean  feature  is  nearly  abolished,  and  the  makers'  names  and  ad- 
dresses are  used,  rhuch  to  their  honor  and  credit  The  character  of 
this  now  well-known  and  excellent  ware  is  so  nearly  the  same,  as 
produced  by  almost  all  the  manufacturers,  that  a  general  statement  of 
its  qualities  will  pretty  closely  serve  to  describe  the  production  of 
each  pottery. 

Firstly,  then,  as  to  "body."  It  is  very  white,  hard,  and  dense,  being 
partly  vitreous ;  and,  for  earthenware,  having  but  little  porosity  and 
showing  great  plasticity  of  material.  It  may  be  rather  too  hard  for 
tl>e  production  upon  it  of  the  finest  soft  under-glaze  colors,  particularly 
in  printed  patterns  (which  are  now  made  in  these  wares  mostly  by 
printing  over  the  glaze),  though  this  will  doubtless  be  amended  if 
necessary.  From  time  to  time,  as  may  be  required,  many  pieces  of 
a  moderately  hard  porcelain  are  baked  in  the  same  kilns  and  at  the 
same  firings  with  these  wares,  showing  the  high  degree  of  heat  attained 
in  this   manufacture.     The  American  "  white  granite"  more  nearly 
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resembles  the  hardest  English  white  earthenware  than  any  other 
**  body,"  but  is  harder  than  that,  although  not  so  hard  as  the  vitreous 
"ironstone  china"  made  many  years  ago  by  Mason,  and  afterwards 
by  Messrs.  Morley  &  Co.,  and  others,  of  Staffordshire,  England.  The 
entire  freedom  from  spots,  of  iron  or  other  impurities,  is  quite  remark- 
able in  this  white  granite  body. 

The  glazes  are  generally  of  good  medium  hardness,  varying  some- 
what with  the  different  makers ;  they  are  well  incorporated  with  the 
body,  and  show  but  little  tendency  to  "craze"  (or  crackle);  indeed,  it 
is  claimed  by  the  American  manufacturers  that  their  glazes  are  more 
free  from  this  defect  than  those  of  the  wares  of  other  countries.  They 
are  full  and  transparent,  with  good  capacity  for  receiving  colors,  quite 
equal  to  any  observed,  more  particularly  in  the  hard-fire  colors,  which 
in  these  glazes  and  upon  this  body  come  out  very  evenly  and  richly. 
It  is  to  be  regretted  that  a  trade  demand  causes,  both  "  body"  and 
glaze  to  be  too  much  overcharged  with  blue,  thereby  injuring  the 
color  of  the  wares  and  of  the  decorations  placed  upon  them,  and  this, 
too,  at  an  additional  cost  of  manufacture. 

The  forms  of  these  wares  are,  with  a  few  exceptions,  made  with  a 
view  to  popular  sales,  being  copied  or  adapted  generally  from  the 
French  and  J^nglish.  They  are  suitable  for  their  purposes,  and  the 
ornamentation  of  handles  and  covers  is  fairly  good,  but  as  a  rule  rather 
more  care  might  be  taken  with  the  fitting  of  covers.  It  is  to  be  re- 
gretted that  so  large  a  proportion  of  this  really  excellent  body  and 
glaze  should  be  devoted  to  the  use  of  heavy,  thick,  and  coarse  cups 
and  saucers,  plates,  dishes,  and  other  pieces  demanded  by  hotels,  res- 
taurants, and  even  by  private  families  throughout  the  United  States. 
Several  pieces,  however,  of  remarkable  thinness  and  delicacy,  made 
by  Mr.  Isaac  Davis,  of  Trenton,  are  exhibited,  which  evince  a  high 
degree  of  plastic  quality  in  the  body  (the  same  as  that  used  for  the 
heavier  pieces),  and  very  considerable  skill  in  potting ;  these  are 
specially  commendable  as  an  advance  in  taC^te,  and  as  a  clear  de- 
monstration of  the  value  of  the  "  body." 

The  decorations  as  a  rule  are,  as  might  have  been  expected  in  so 
young  a  manufacture,  deficient  in  originality,  being  copied  mostly 
from  the  English  or  French.  Generally  they  are  suitable  for  their 
purposes,  but  are  not  of  a  high  order,  and  are  often  overdone ;  but 
there  are  some  exceptions  where  good  taste  and  judgment  are 
shown.  Some  modeling  done  in  Trenton  is  clean  and  careful,  evincing 
considerable  skill  and  knowledge. 

The  prices  of  these  wares,  particularly  of  the  larger  pieces,  are 
low  in  relation  to  the  cost  of  labor  in  the  United  States.     The  pro- 
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cesses  employed  in  this  manufacture  are  of  the  most  improved  kinds, 
and  the  potteries,  many  of  which  were  seen  by  the  judges,  are  re- 
markably well  arranged,  very  orderly,  and  highly  commendable.  All 
the  materials  used  are  found  in  the  United  States,  and  generally 
within  a  short  distance  of  all  the  works  throughout  that  country'. 

There  are  now  in  the  United  States  a  large  number  of  pottery- 
works  of  all  kinds,  and  these,  excluding  terra-cotta  and  brick  pot- 
teries, having  an  aggregate  capital  of  about  ;J8,ooo,ooo  to  ;gio,oc)0,ooo» 
employing  12,000  to  15,000  persons,  and  giving  an  annual  product  of 
;J8,ooo,ooo  to  ;?  10,000,000.  Of  these,  the  "  white  granite"  and  *'  C  C* 
wares  have  30  manufactories  with  1 10  kilns,  having  a  capital  of  about 
113,000,000,  employing  about  3500  persons,  paying  them  jfi, 200,000 
yearly  wages;  using  from  50,000  to  75,000  tons  of  coal,  and  about 
the  same  amount  of  other  material  annually,  and  producing  about 
;J>3,ooo,ooo  of  wares  per  annum.  The  average  prices  of  labor  at  these 
"  white  granite"  potteries  are :  for  common  labor  per  week,  $g ;  for 
boys  and  girls  per  week,  $7,  @  ^14.50;  for  kiln-work  per  day,  $2.25; 
for  pressers  (journeymen)  per  day,  $2  @  $'i\  for  jiggermen  (jour- 
neymen) per  day,  JS2.50  @  $%. 

The  average  prices  of  materials  used  are  as  follows  :  china  clay  per 
ton,  |li6  @;S522;  ball  clay  per  ton,  $7  @i^\  feldspar  per  ton,  ^18; 
flints  per  ton,  |li6  @  $iy  ;  coal  (anthracite)  per  ton,  JI5  @  $5.50.* 

These  statistics  were  kindly  furnished  by  Mr.  Brewer,  a  well-known 
potter  of  Trenton,  N.  J.  It  may  be  said  in  conclusion  that,  practi- 
cally, the  future  results  of  the  exhibition  of  the  large  collections  of 
porcelain-  and  pottery-wares  in  Philadelphia  remain  mostly  with  the 
potters  of  the  United  States.  It  is  believed  that  a  powerful  stim- 
ulus will  be  given  to  their  art,  lifting  it  beyond  the  level  of  ordinary 
commercial  purposes  to  the  plane  of  beauty,  and  of  a  higher  utility. 

James  Carr,  New  York  City, 

Exhibits  of  white  and  decorated  "granite"  table-  and  toilet- wares; 
vitreous  stone  tea-wares,  and  white-bodied  ware  decorated  as  ma- 
jolica, not  artistic.  Parian  busts  and  statuettes  modeled  after  designs 
by  Mr.  Edge,  the  material  fair.  Some  tentative  specimens  of  ** pate 
sur  pate''  on  stoneware  body,  also  of  '^  email  ombrantr 

CoxoN  &  Co.,  Trenton,  N.  y, 

■   White  and  decorated  "granite"  table-  and  toilet-wares.    Decoration 
not  artistic.     Some  few  pieces  of  porcelain,  the  body  of  English  char- 

*  In  July,   1876.     Since  that  time,  however,  the  cost  of  coal  has  been  very  greatly 
reduced.     February,  1877. 
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acter,  showing  great  capacity  of  the  materials,  and  giving  hopes  of 
future  success.  These  were  burned  in  the  **  white  granite"  kilns  of 
this  firm. 

Charles  Bullock,  Trenton,  N.  J, 

A  few  pieces  of  porcelain  of  moderately  hard  body,  of  compact 
texture  and  good  glaze.  The  decorations  are  of  fair  ordinary  char- 
acter. This  ware,  in  making  which  some  bone-ash  was  employed, 
was  burned,  together  with  white  granite  wares,  in  the  kilns  of  Messrs. 
Coxon  &  Co.,  Trenton.  Small  as  this  exhibit  is,  it  serves  to  show 
the  good  qualities  of  the  materials  used,  and  the  possibility  of  a  future 
valuable  production  and  a  commercial  success. 

City  Pottery  Company  (Yates,  Bennett,  &  Allen),  Trenton,  N,  J, 

White  and  decorated  "  granite"  table-  and  toilet-wares.  Decoration 
not  artistic  in  character;  colors  not  well  blended  with  the  glaze. 
Some  white  fruit-dishes  with  perforated  edges. 

Joseph  H,  Moore,  Trenton,  N,  y. 

White  "  granite"  table-  and  toilet-wares,  and  "  C  C"  wares.  Speci- 
mens of  biscuit  and  Parian,  with  fine  flowers  in  high  relief,  are  deli- 
cately modeled. 

WiLUAM  Young  &  Sons,  Trenton,  N.  % 

White  and  decorated  "  granite"  table-  and  toilet-wares.  Turned  and 
"dipped"  jugs  and  bowls,  of  "C  C"  body,  are  very  good.  Also 
specimens  of  white  and  decorated  porcelain  hardware  trimmings  of 
medium  hardness  of  body  are  good. 

Mercer  Pottery  Co.,  Trenton,  N.  y. 

White  and  decorated  "granite"  table-  and  toilet-wares  are  com- 
mendable for  general  form  and  good  body ;  colors  not  uniformly  well 
fired;  gilding  by  a  special  process,  successfully  employed,  though  at 
times  too  lavishly.  Centre-pieces  of  perforated  work  successfully 
executed. 

Isaac  Davls,  Trenton,  N,  y. 

White  and  decorated  "  granite"  wares,  of  excellent,  close-grained 
body  and  good  glaze.  Commended  for  comparative  thinness  of  some 
wares,  showing  an  improvement  upon  a  general  fault  of  these  pot- 
teries. Good  forms  of  tea-wares ;  decorated  pieces  elaborate,  and  some 
tolerably  well  turned  out.  Large  vases  in  two  pieces  about  50  inches 
in  height.     Salvers   and   bowls,  remarkable  as  specimens  of  good 
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potting  in  a  stubborn  material ;  some  good  specimens  of  hard-fired 
coloring.  Some  of  the  glazes  on  the  table-wares  may  be  considered 
as  too  soft  for  purposes  of  general  use ;  some  specimens  of  Parian 
and  biscuit ;  also  sanatory  wares.  A  specimen  of  fine  blue  color  is 
shown  and  commended. 

Greenwood  Pottery  Co.,  Trenton,  N.  y. 

White  and  decorated  "  granite"  table-  and  toilet-wares.  Colors  well 
incorporated  with  the  glaze,  especially  the  green,  purple,  blue,  pink, 
and  a  rather  strong  orange. 

American  Crockery  Co.,  Trenton,  N.  y. 

White  "  granite"  and  decorated  table-  and  toilet-wares  of  fair  body, 
good  forms  and  glaze ;  decoration  neat  and  praiseworthy ;  effect 
satisfactory. 

Glasgow  Pottery  Co.,  Trenton,  N.  y 

White  and  decorated  table-  and  toilet-wares.  Body  good  and  deco- 
ration fair ;  gilding  by  etching  process  and  pen-gilding  good.  Speci- 
mens of  wares  decorated  with  clouded  or  flowing  colors  in  very  hard 
glaze. 

AsTBURY  &  Maddock,  Trenton,  N,  y 

White  sanatory  and  plumbers*  wares  are  good.  Specimens  of 
porcelain  jugs;  a  decorated  table-top  in  "granite";  also  porcelain- 
wares  for  chemical  purposes,  cheap  and  generally  good.  It  is  ob- 
served, however,  that  the  glaze  of  these  chemical  wares  is  admitted 
to  be  not  free  from  lead. 

Ott  &  Brewer,  Trenton,  N,  y. 

White  and  decorated  table-  and  toilet-wares;  some  forms  new, 
body  and  glaze  good.  A  service  called  "  Darwinian,"  of  white 
"  granite,"  modeled  by  Broome,  is  of  a  design  more  ingenious  than 
meritorious  in  an  artistic  point  of  view. 

Services  painted  in  colors  with  views  of  the  Exhibition  Buildings; 
Parian  figures,  vases,  busts,  plaques  in  relief,  and  toilet-wares.  Some 
of  these  are  commendable  for  design,  especially  the  plaques,  modeled 
by  Broome,  which  show  graceful  conceptions  of  figures. 

Laughlin  Brothers,  East  Liverpool,  Ohio. 

White  "granite"  table-  and  toilet-wares,  from  works  established 
within  three  years.  Body  of  a  good  average  quality,  and  stated  as 
guaranteed  against  crazing. 
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Dresden  Pottery  Works  (Brunt,  Bloor,  Martin,  &  Co.),  East 

Liverpool^  Ohio. 

White  granite  table-  and  toilet-wares,  some  ornamented  with  origi- 
nal designs  of  grasses  and  other  wild  plants  in  low  relief.  Com- 
mendable for  design  and  fair  moulding ;  body  and  glaze  average. 

Speeler  Pottery  Co.,  Trenton,  N,  y. 

Brown  Rockingham  and  yellow  wares;  large  bowls,  spittoons, 
pans,  tea-ware,  etc.  Rather  heavy  in  form,  but  of  a  solid  and  durable 
character. 

Philadelphia  City  Pottery  (J.  E.  Jeffords  &  Co.),  Philadelphia,  Pa. 

Brown  Rockingham  and  yellow  wares;  large  jugs,  bowls,  tea- 
wares,  garden  pedestals,  etc. ;  also  green-glazed  wares,  and  imitations 
of  Chinese  lacquered  ware.  Form  of  some  pieces  of  tea-ware  satis- 
factory. 

C.  Friese,  Philadelphia,  Pa. 

Terra-cotta  garden  ornaments,  flower-pots  in  rustic  style;  aqua- 
rium fittings,  gas-fire  pieces,  etc. 

S.  &  W.  Baggott,  East  Liverpool,  Ohio. 
Brown  Rockingham  and  yellow  wares,  of  average  quality. 

Union  Porcelain  Works  (Thomas  C.  Smith  &  Sons),  Green  Point, 

N.  V. 

White  porcelain  table-wares  and  hardware  trimmings,  decorated 
porcelain  tea-wares,  plateaux,  jugs,  and  vases.  Body  very  hard  and 
strong,  heavy,  not  showing  plasticity,  yellowish-white,  and  well 
adapted  to  glaze  and  colors.  The  glaze  good  as  to  solidity  and 
incorporation  with  body  and  of  medium  transparency. 

Design  of  tea-service  of  Japanese  character  shows  colors  repro- 
duced with  some  success,  but  the  forms  and  general  decoration  are 
not  commended.  Considering  the  short  space  of  time  since  the  es- 
tablishment of  this  manufacture  of  hard  porcelain,  the  remarkable 
density  and  hardness  of  the  body  is  to  be  noted,  and  it  is  gratifying 
to  see  the  creditable  success  of  its  production  'at  a  price  which,  all 
things  considered,  is  fair. 

Moorhead  Clay  Works,  Philadelphia,  Pa. 

Terra-cotta  vases,  pedestals,  and  chimney-tops.  Body  rather  defi- 
cient in  hardness,  not  well  fired,  and  wanting  in  uniformity  of  color. 


I02  INTERNATIONAL  EXHIBITION,  1876', 

Large  painted  iinial  open  to  similar  criticism ;  moulding  not  good. 
Glazed  sewer-pipes  of  fair  average  hardness. 

R.  C.  Remmey,  PhiladelpfUa,  Pa, 

Chemical  stoneware,  large  still  and  worms,  receivers,  and  jars,  fire- 
bricks, etc.  Well  adapted  to  purpose  and  cheap.  Evaporating  basins 
of  coarse  porcelain ;   glaze  and  body  not  thoroughly  homogeneous. 

Wares  cheap. 

John  Fritz,  Philadelphia,  Pa. 

Terra-cotta  garden  vases,  rustic  baskets,  flower-pots,  aquarium 
fittings,  and  gas-stove  pieces.  Not  above  average  quality  of  design ; 
surfaces  painted,  but  not  burned,  and  therefore  ill  suited  to  their  pur- 
poses ;  body  wanting  in  hardness.     Wares  cheap. 

F.  GossiN,  Philadelphia,  Pa, 

Terra-cotta  vases,  pedestals,  statuettes,  and  statues;  some  forms 
imitated  from  the  antique.  Body  wanting  in  compactness  ;  moulding 
fair.  Statues  inartistic ;  red  vases  somewhat  superior  in  design  and 
moulding,  but  wanting  in  hardness ;  painting  on  terra-cotta  in  imita- 
tion of  bronze,  granite,  or  other  material  is  generally  to  be  con- 
demned. 

Hews  &  Co.,  Cambridge,  Mass, 

Fancy  painted  terra-cotta  battery-jars  and  flower-pots;  various 
pieces,  being  covered  with  painting  in  oil,  are  therefore  open  to  same 
criticism  as  the  preceding.  A  few  small  vases  of  red  terra-cotta  are 
of  good  forms,  but  not  well  potted.  Also  similar  examples  in  Agri- 
cultural Hall. 

McElroy  &  Co.,  Philadelphia,  Pa. 

White  clay  tobacco-pipes  of  good  quality,  well  moulded  and  of 
useful  and  various  forms.  Commendable  for  quality  and  as  an 
advance  in  manufacture. 

M.  Ferine  &  Sons,  Baltimore,  Md, 

(In  Agricultural  Hall.) 

Terra-cotta  flower-pots,  vases,  hanging-baskets,  etc.  Coarse  com- 
mon body,  of  rude  forms  and  decorations.     Wares  cheap. 

N.  U.  Walker  &  Co..  WellsvUle,  Ohio, 

Terra-cotta  vases,  pedestals,  chimney-tops,  and  glazed  sewer-pipes. 
Body  of  the  latter  good;  other  specimens  poor  in  design  and 
quality. 
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O.  O.  Bowman,  Trenton,  N,  J, 

Terra-cotta  chimney-tops,  statuettes,  vases,  pedestals,  hanging- 
baskets,  flower-pots,  fountains,  rustic  baskets,  etc.  Hardness  of 
body  pretty  good ;  moulding  poor,  the  painted  vases  and  rustic-work 
not  in  good  taste. 

Harvey  &  Adamson,  Philadelphia,  Pa. 

Terra-cotta  pedestals,  vases,  statuettes,  animals,  hanging-baskets, 
drain-pipes,  chimney-tops,  etc.  Hardness  variable ;  firing  good, 
color  fair,  modeling  poor,  and  moulding  of  vases  passable;  figures 
bad.     Ingenious  method  of  exhibiting  the  various  sizes  of  drain-pipes. 

Galloway  &  Graff,  Philadelphia,  Pa. 

Artistic  terra-cotta  large  vases  and  pedestals,  statues,  fountains,  etc. 
Among  them  may  be  noted  a  full-sized  reproduction  of  the  "  Apollo 
Belvedere" ;  also  of  Bailly's  "  EcTio" ;  of  Canova's  "  Dancing-Girl" ; 
of  Gibson's  "  Psyche" ;  of  the  Warwick  vase,  and  others  of  classical 
design ;  generally  well  potted  and  moulded,  and  of  pleasing  color. 
Among  the  fountain  vases  are  some  of  large  diameter,  good  as 
evincing  skillful  command  of  material  and  showing,  by  equality  of 
surface  and  evenness  of  line,  the  difficulties  of  firing  overcome  with 
creditable  success.  One  large  Centennial  vase  in  three  pieces,  5  feet 
6  inches  in  height,  is  commended  for  good  workmanship  in  details  of 
ornamentation,  but  is  open  to  criticism  in  design.  One  specimen  is 
shown  of  a  process  of  staining  the  surface  of  the  terra-cotta  with  a 
deep-red  tint;  but  this  color  is  not  fixed  by  firing.  The  whole  col- 
lection is  commendable  as  artistic,  and  compares  not  unfavorably  with 
some  European  works  of  the  same  character. 

A.  Hall  &  Sons,  Perth  Amboy,  N.  % 

Rockingham  and  yellow  wares  of  good  body;  also  specimens  of  a 
hard  body  resembling  fire-clay  covered  very  successfully  with  a  glaze 
of  rich  flowing  colors.  Commendable  for  excellence  of  material 
and  eflect,  and  as  likely  to  lead,  if  carried  further,  to  a  successful 
description  of  decorative  pottery. 

Also  fire-bricks  of  good  texture  ahd  well  fired,  some  stained  for 
architectural  decoration.  These  bricks  have  a  high  reputation  for 
their  refractory  properties. 
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George  C.  Hicks  &  Co.,  Baltimore,  Md, 

Fire-bricks,  large  retorts,  terra-cotta  garden  vases,  etc.    Good  ma- 
terial and  manufacture,  well  adapted  to  the  purposes  for  which  they 

are  made ;  the  terra-cotta  of  exceptional  hardness. 

« 

Jas.  L.  Jessen  (Empire  China  WorksJ,  Green  Paint,  Brooklyn,  N.  Y. 

Porcelain  hardware  trimmings,  knobs  for  doors  and  drawers,  es- 
cutcheons, caster-wheels,  lemon-squeezers,  knife-sharpeners,  paint- 
cups,  mouth-pieces,  etc.  Porcelain  of  a  very  vitreous,  hard  body,  glaze 
of  medium  hardness,  showing  bubbles ;  objects  generally  well  fitted 
for  their  purposes. 

Arthur  Beckwith,  New  York,  N.  Y. 

A  small  collection  of  painted  tiles,  not  for  competition.  Subjects, 
"  Cleopatra's  barge  on  the  Cydnus,"  painted  on  twentj*^  rather  large 
tiles ;  "  Pompeian  Assembly,"  on  six  tiles ;  various  separate  tiles 
with  figures  and  animals.  In  these,  the  work  of  an  architect,  many 
successful  tones  are  attained,  and  several  subjects  are  treated  with 
considerable  spirit. 

Lebanon  Building  and  Paving  Block  Co.,  Lebanon,  Pa, 

(On  main  walk  leading  to  Agricultural  Hall.) 

Paving-tiles  made  of  slag,  sharp  moulding  with  enduring  surface, 
and  of  neat  patterns.  The  furnace  slag  varies  in  composition :  these 
tiles,  therefore,  require  careful  selection. 

Steele  Brothers,  Philadelphia,  Pa. 

This  house  exhibits  in  the  Art  Annex  a  considerable  collection 
of  table-wares  and  dessert  centre-pieces  of  ordinarily  good  commer- 
cial style  and  character  of  decorations.  Also  a  collection  of  engraved 
glass-wares  of  very  fair  form  and  quality,  well  suited  to  their  purposes. 

Bevington  &  Winters,  Philadelphia,  Pa, 

(In  the  Art  Annex.) 

A  collection  of  decorated  porcelain  and  earthenwares.  The  deco- 
ration is  of  ordinary  and  heavy  style;  rather  dull  in  color. 

THE  WOMEN'S  PAVILION. 

In  the  collection  contained  in  the  Women's  Pavilion  is  exhibited 
a  series  of  specimens  of  painting  on  porcelain.    These  are  the  works 
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of  amateurs,  often  imagined  with  considerable  taste  and  carried  out 
with  care.  The  difficulties  inherent  in  the  processes  of  porcelain- 
painting  obviously  require  a  devotion  to  the  labor  and  an  experience 
difficult  for  amateurs  to  practice  or  acquire.  Here  it  is  obvious  that 
considerable  efforts  have  been  made,  and  a  beautiful  and  graceful  art 
has  been  essayed  in  a  manner  which  cannot  but  lead  to  much  ac- 
quaintance with  its  requirements,  and  a  higher  appreciation  of  some 
of  the  masterly  works  which  the  Exhibition  has  brought  together 
from  distant  countries. 

Figure  groups,  some  taken  from  the  works  of  well-known  masters, 
flowers,  birds,  etc.,  are  among  the  subjects.  The  best  of  these  are 
often  too  pictorially  treated,  and  are  sometimes  more  notable  for 
elaboration  in  careful  detail  than  for  precision  in  drawing. 

The  following  ladies  have  contributed  to  the  Exhibition : 


Miss  Rohnsholdt 

Mrs.  M.  J.  Wood     . 

Miss  Annie  Lee 

Mrs.  Thomas  Dale   . 

Miss  Alice  H.  Cunningham 

Miss  Ellen  Robbins 

Miss  Laura  M.  Marquand 

Miss  Isabella  James 

Miss  S.  H.  Ward 

Miss  Anna  H.  Whitney   . 

Miss  Alice  C.  Chandler    . 

Miss  S.  E.  Homans 

Mrs.  J.  R.  Shippen  . 

M.  O.  Hayes    . 

Miss  M.  Louise  McLaughlin 

Mrs.  Harrison 

Mrs.  H.  D.  Leonard 

Harriette  E.  Ashburner    . 

Anna  B.  Leggett 

Miss  S.  H.  Foster    . 

Mrs.  W.  A.  Russell 

Ladies'  Art  Association    . 

Miss  E.  W.  Perkins 

Miss  Helen  S.  Mack 

Miss  J.  B.  Whitaker 

Mrs.  S.  G.  Rodes 

Miss  Helen  A.  Whittier  . 
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Miss  Clara  Fisk 
Mrs.  H.  C  Duganna 
Mrs.  E.  C.  Wagner 
Miss  E.  M.  Schellinger 
Miss  Nellie  Brown 
Miss  W.  M.  Foster 
Mi$s  Bella  Coburn 
Miss  Lottie  E.  Brown 
Miss  N.  M.  Bennett 
Miss  L.  E.  Hale 
Miss  H.  T.  Bradt     . 
Miss  L.  M.  Talbot 
Miss  Lottie  Keenan 
Mrs.  L.  P.  Meredith 
Miss  Agnes  Pitman 
Miss  Rauchfuss 
Mrs.  A.  B.  Merriman 
Miss  Eaton 
Miss  Louise  C.  Bacon 
Miss  S.  M.  L.  Wales 
Miss  A.  S.  Fisher 
Mrs.  O.  H.  Whitmore 
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ANCIENT  AMERICAN  POTTERY. 

Very  remarkable  and  interesting  collections  of  ancient  pottery  are 
shown  by  the  National  Museum  of  the  United  States,  obtained  from 
grave-mounds  of  the  early  inhabitants  of  Ohio,  Tennessee,  Georgia, 
Alabama,  etc.  These  are  of  archaeological  importance,  and  of  value 
to  the  student  of  the  antiquities,  not  only  of  the  potter's  art  of  this 
country  but  also  for  comparison  with  objects  ot  early  date  found  in 
Europe  and  elsewhere.  The  objects  shown — chiefly  vessels  of 
various  simple  forms  and  also  some  of  grotesque  and  quaint  char- 
acter— are  formed  of  clay,  not  wrought  on  the  wheel,  but  built  up 
and  shaped  by  hand,  and  fired  at  no  considerable  temperature.  Many 
of  them  are  wonderfully  even  in  line  and  symmetrical  in  form,  show- 
ing considerable  dexterity  in  the  potters  ;  they  are  frequently  orna- 
mented with  incised  devices  in  simple  patterns  such  as  are  the 
common  resource  of  uncivilized  people ;  a  few  have  more  elaborate 
spiral  lines,  like  tattooing,  traced  rather  boldly  into  their  surfaces. 
No  glaze  seems  to  have  been  known  to  these  makers,  but  many  are 
colored  black  by  artificial  means,  perhaps  in  some  cases  merely  by 
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the  rude  process  of  firing  with  grass  and  brush-wood,  as  is  the  pottery 
of  some  African  tribes  at  the  present  day ;  others  are  painted  with  a 
red  or  a  white  pigment. 

Other  interesting  collections  are  also  shown  of  pottery  of  vario'us 
dates,  from  Colorado.  Utah,  Arizona,  etc. ;  as  also  from  New  Mexico. 
From  this  last  locality  is  a  vase  of  very  striking  appearance  as  an 
effective  piece  of  ornament ;  a  grayish  ground,  with  designs  in  black 
skillfully  adapted  to  the  form  of  the  object.  The  collection  of  cups, 
bowls,  ladles,  a  canteen,  or  "  pilgrim's  bottle,"  and  various  ornamental 
vessels,  the  works  of  native  potters  of  the  Moqui  Indians,  is  very 
curious  and  interesting. 

GLASS-WARES. 

CoHANSEY  Glass  Company,  Philadelphia^  Pa. 

Jars,  bottles,  demijohns,  shades,  window-glass,  etc.  The  forms  are 
suitable  to  purposes,  and  the  glass  is  of  good  quality.  Preserving- 
jars  of  two  patented  kinds,  the  *'  Cohansey"  and  the  "  Protector," 
are  shown,  which  seem  well  adapted  to  the  keeping  of  fruits,  etc. 
A  large  and  important  manufacture. 

J.  B.  DoBLEMAN,  Green  Point  Flint-Glass-Works^  Brooklyn,  N,  Y. 

An  important  collection  of  "flint"  glass  table-wares,  bottles, 
druggists'  vases,  etc.  The  "  metal"  is  of  good  quality ;  cutting  rich 
and  tasteful ;  engraving  in  many  cases  very  good,  although  in  some 
instances  rather  too  much  elaborated. 

J.  H.  HoBBS,  Brockunier,  &  Co.,  Wheeling,  W,  Va, 

Lime-glass  table-wares,  lamps,  etc.,  pressed  and  cut,  of  very  good 
quality;  also  some  bone-glass-ware.  Forms  rather  heavy,  cutting 
moderately  good.     Prices  low. 

La  Belle  Glass  Company,  Bridgeport,  Ohio, 

Cut,  pressed,  plain,  and  engraved  table-wares.  Quality  of  glass 
ordinary;  forms  rather  heavy.  The  pressed  wares  are  of  good  pat- 
terns, and  very  sharply  moulded. 

Boston  and  Sandwich  Glass  Company,  Boston,  Mass. 

A  very  important  collection  of  "  flint"  glass  table-wares,  dessert- 
pieces,  flower-stands,  toilet-bottles,  etc.  Quality  of  "metal"  very 
good ;  cutting  rich  and  brilliant,  in  some  cases  perhaps  overdone ; 
forms  good;  engraving  neat  and  judiciously  applied,  and  some  of  the 
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engraved  designs  are  commendable.  Some  large  bowls  and  stands 
are  well  made  and  elaborately  decorated.  Many  of  the  etched  pat- 
terns on  table-wares  are  very  good  in  design  and  execution. 

DoRFLiNGER  Glass  Company,  White  Mills,  Wayne  County,  Pa, 

Glass  table-wares,  druggists'  show-bottles,  etc.  The  "metal" 
brilliant ;  forms  suitable ;  cutting  regular  but  often  heavy ;  engraving 
of  good  quality  and  design. 

H.  C.  Fox  &  Sons,  Philadelphia,  Pa, 

Druggists'  and  perfumers'  glass-wares  and  bottles  of  various  kinds 
and  forms,  of  very  considerable  variety  and  utility,  at  low  prices. 

Smith  Bros.,  New  Bedford,  Mass. 

Bone-  or  opal  glass  lamp-shades,  vases,  globes,  etc.,  decorated  in 
many  patterns.  The  colors  are  sometimes  heavy ;  the  designs  fairly 
good.  A  large  vase,  about  38  inches  high,  is  elaborately  painted  with 
fruits,  etc. 

The  Meriden  Silver-Plate  Company,  Meriden;  Conn. 

This  company  exhibit  in  connection  with  their  plated  wares  a 
number  of  cut-glass  dessert-pieces,  caster-bottles,  flower-holders,  etc. 
The  cutting  is  done  by  this  company,  and  is  fairly  good,  sharp,  and 
effective. 

Mount  Washington  Glass- Works,  New  Bedford,  Mass, 

A  large  collection  of  glass  table-wares,  dessert-pieces,  chande- 
liers, etc.  Quality  of  "  metal"  good;  forms  and  cutting  fair;  engraving 
rich  and  well  executed.  A  large  display  of  lustre  chandeliers  of 
good  forms.  Bone-glass  globes  for  lamps  of  excellent  quality. 
A  silvered  glass  table,  with  mirror  framed  in  lustres,  is  shown. 
Chandeliers  are  made  to  order  of  any  color  to  match  the  furniture 
of  rooms.  A  very  large  fountain  in  cut  lustres,  about  15  feet  high, 
with  a  diameter  of  16  feet,  is  displayed  not  altogether  successfully. 

New  England  Glass  Company,  East  Cambridge,  Mass, 

A  large  and  important  collecton  of  "  flint"  glass  table-wares, 
large  bowls,  dessert-pieces,  tiles,  decorative  pieces,  etc.  Quality  of 
"  metal"  very  good.  Forms  generally  commendable ;  cutting  taste- 
ful and  judicious;  engraving  and  etching  are  in  good  taste  and 
often  artistic.  Fine,  thin  tumblers,  wine-glasses,  etc.,  are  admirably 
made.  Tiles  for  mural  decorations  are  in  fair  taste.  Lamp-shades 
and  plaques  are  painted  elaborately. 


Excelsior  Flint-Glass  Company,  Pittsburgh^  Pa. 

Lamp-chimneys  and  reflectors.  Of  lamp-shades,  a  variety  of 
forms,  of  ordinary  patterns ;  some  coarsely  engraved.  Many  sizes  of 
silvered  lamp-reflectors  of  good  quality,  and  at  low  prices. 

Keystone  Flint-Glass  Company,  Pittsburgh,  Pa, 
Lamp-glasses  of  plain,  new,  and  graceful  forms. 

Adams  &  Co.,  Pittsburgh,  Pa. 

Lamp-shades  of  clear  and  bone-glass,  and  table-wares,  of  common 
or  fair  character. 

Crystal  Glass  Company,  Pittsburgh,  Pa. 

Lime-glass  table-wares,  moulded,  of  fair  ordinary  character  of 
•*  metal"  and  forms. 

Richards,  Hartley,  &  Co.,  Pittsburgh,  Pa. 

Lime-glass  table-wares,  moulded,  of  moderate  quality  of  "  metal" 
and  forms.  ♦ 

Bakewell,  Pears,  &  Co.,  Pittsburgh,  Pa. 

Moulded  table-wares,  druggists'  bottles,  perfumers*  wares,  etc., 
of  ordinary  qualities  of  forms  and  "  metal."  Druggists'  jars  with 
photographs.     Some  pieces  of  thin,  light  table-wares  are  well  made. 

O'Hara  Glass  Company.  Pittsburgh,  Pa. 
Lime-glass  table-wares.    "  Metal"  good  ;  forms  light  and  graceful. 

Ripley  &  Co.,  Pittsburgh,  Pa, 
Lime-glass  table-Wares,  of  ordinary  character  of  "metal"  and  form. 

Atterbury  &  Co.,  Pittsburgh,  Pa. 

Lime-glass  lamp-chimneys  and  globes  of  clear  and  opal  or  bone- 
glass,  of  many  forms,  but  ordinary  in  character. 

George  Duncan  &  Sons,  Pittsburgh,  Pa, 

Lime-glass  table-wares,  of  clear  "  metal"  and  good  forms ;  some 
engraved  coarsely  but  with  considerable  judgment. 
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Rochester  Tumbler  Company,  Pittsburgh,  Pa. 

A  large  collection  of  tumblers  of  various  patterns.  The  "metal"  is 
brilliant  and  good,  and  the  forms  simple  and  suitable. 

The  eleven  foregoing  manufacturers,  all  of  the  city  of  Pittsburgh, 
are  among  the  largest  houses  of  that  place.  They  employ  in  the 
aggregate  about  6000  persons;  the  amount  of  their  productions  is 
very  large  and  increasing.     The  prices  are  exceedingly  low. 

J.  M.  Albertson  &  Sons,  Narristown,  Pa, 

Glass  shades  of  various  forms  and  sizes.  The  "  metal"  clear  but 
rather  greenish ;  polish  of  surface  good ;  forms  straight  and  well  made. 
Also  some  large  window- glass  of  various  colors,  with  corrug^ated 
surface.     Prices  low. 

Central  Glass  Company,  Wheeling,  W,  Va, 

A  very  good  collection  of  pressed  table-wares  of  lime-glass.  The 
"  metal"  very  brilliant  and  clear;  the  forms  and  patterns  good;  the 
pressing  or  moulding  excellently  clean  and  sharp.  A  praiseworthy 
exhibit. 

Whitall,  Tatum,  &  Co.,  Philadelphia,  Pa, 

A  large  collection  of  druggists',  perfumers',  and  chemists'  wares  of 
lime-glass.  The  "  metal"  of  good  quality ;  forms  useful  and  various. 
Also  green-glass  jars,  bottles,  etc.,  are  well  made.  Some  lime-glass 
of  fine  blue  color,  in  various  shapes  of  bottles,  jars,  etc.,  is  shown, — 
one  of  these  samples  is  made  in  the  form  of  a  skull  for  holding 
poisons.    A  very  large  and  important  house. 

Thomas  Jones,  New  York,  N.  Y. 

"  Patent  silver  glass"  for  insertion  in  furniture.  A  number  of  plates 
of  different  forms  are  shown.  These  are  engraved,  polished,  and 
silvered  with  a  brilliant  effect. 

Whitney  Brothers,  Glassboro\  N:y, 

Green-glass  and  other  colored  bottles,  jars,  demijohns,  etc.,  of  good 
ordinary  character. 

Kartell  &  Letchworth,  Philadelphia,  Pa. 

Glass  decorators,  colored  and  crystal-glass  globes  for  lamps,  signs, 
paper-weights,  etc.  Cut  patterns  and  others  etched  by  acid  and  by 
sand-blast  are  good. 
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C.  &  J.  SiGLER,  Paterson,  N.  y. 

Glass  signs  and  letters,  painted  and  gilt  but  not  burned.  Some 
of  the  pieces  etched  and  gilt,  and  others  with  an  apph'cation  of 
mother-of-pearl  and  various  colored  metal  foils,  giving  showy  effects. 

Klautscheck,  Thomas,  &  Stewart,  Philadelphia,  Pa, 

Blown  white  window-glass  and  shades.  An  exhibit  made  in  a 
pavilion  adjacent  to  the  Judges'  Hall.  As  this  is  not  a  manu- 
facturing house,  the  goods  are  not  for  competition.  The  glass  is 
manufactured  by  E.  R.  Wood  &  Co.,  of  Millville  and  Malaga,  New 
Jersey,  and  is  of  fair  quality. 

Walker  Manufacturing  Co.,  New  York,  N,  Y. 

Silvered  and  cut  glass  (for  insertion  in  furniture),  mirrors,  photo- 
graph-frames, ornaments,  etc.  These  are  cut  into  various  forms  and 
silvered  by  the  exhibitor. 

D.  DuRAND,  New  York,  N,  Y, 

A  large  mirror,  well  cut  and  ornamented  on  the  borders  in  the 
Venetian  manner.     Also  a  large  concave  mirror. 

S.  P.  Sallandrouze,  Cincinnati,  Ohio, 

A  large  plate-glass,  i8  by  8  feet,  silvered  by  him;  also  a  small 
mirror,  with  cut  borders,  in  the  Venetian  manner.  The  silvering  is 
regular,  and  of  good  quality. 

Louisville  Plate-Glass  Company,  Lotnsville,  Ky, 

Manufacturers  of  the  large  glass  plate  exhibited  by  S.  P.  Sallan- 
drouze, of  Cincinnati,  Ohio,  -iS  by  8  feet.  It  is  the  only  large  Ameri- 
can plate  exhibited.  The  color  is  rather  greenish,  but  it  shows  an 
advance  in  the  manufactures  of  this  country. 

C.  Newman  &  Co.,  San  Francisco,  CaL 

(In  Agricultural  Hall.) 

Demijohns,  of  good  quality,  covered  with  willow  wicker,  as  usual, 
over  the  glass,  but  also  over  an  inside  covering  placed  upon  the  glass, 
oi  tule,  a  coarse  elastic  kind  of  rush  {Scirpus  valadis*)  found  abundantly 
in  California.  With  this  double  covering  the  demijohns  will  bear 
very  rough  usage,  falling  from  a  height  of  several  feet  without  breaking. 

♦  Scirpus  lacustris  of  Linnsus. 
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Mrs.  Ella  Haller,  New  York,  N.  Y. 

(In  Agricultural  Hall.) 

Large  glass  fruit-jars,  with  screw  tops.  They  appear  to  be  useful; 
but  as  the  glass  was  made  in  Pittsburgh,  in  Baltimore,  and  in  Phila- 
delphia, and  not  shown  as  a  manufacture,  this  exhibit  is  not  for 
competition  in  this  group. 

GiLLENDER  &  SoNS,  Philadelphia,  Pa. 

This  firm  has  on  the  grounds  of  the  Exhibition  well-arranged 
glass-works  in  full  operation  and  open  to  the  public.  A  furnace 
of  eleven  pots  and  one  annealing-oven,  or  "leer,"  producing  ** flint" 
and  lime-glass.  All  the  processes  of  making  and  decorating  are 
shown,  as  the  melting,  blowing,  forming,  pressing,  annealing,  cut- 
ting, engraving,  bending  under  blow-pipes,  etc.,  and  the  whole  work 
is  exceedingly  interesting  and  instructive. 

The  wares  shown  are  of  "flint"  glass  blown  plain,  cut,  and  en- 
graved, and  lime-glass,  moulded  or  pressed,  in  table  and  other  pieces. 
The  "flint"  cut-glass  is  of  fair,  moderate  character;  some  of  the  thin- 
blown  forms  are  good ;  the  engraving  rich  and  well  executed,  but,  in 
some  instances,  rather  overdone.  The  pressed  lime-glass  is  fairly 
good,  and  of  various  patterns,  at  cheap  rates.  Specimens  of  ruby- 
coated  glass  are  good  in  color. 

In  these  works  is  an  exhibition  of  fancy  spun-glass,  and  of  glass- 
work  bent  and  formed  with  blow-pipes.  Among  these  is  a  small 
working  model  of  a  steam-engine,  which,  in  motion,  is  instructive  as 
to  the  operation  of  all  its  parts,  and  as  to  the  action  of  the  steam  in 
generation,  expansion,  and  condensation. 

Homer  Brooke,  New  York,  N.  Y. 

(In  Machinery  Hall.) 

A  number  of  various  iron  moulds,  for  pressing  glass  into  forms, 
with  samples  of  fruit-jars,  bottles,  etc.,  made  in  them.  These  last 
are  somewhat  rude  in  character,  and  not  at  all  sharp  in  moulding. 
Also  three  glass-pressing  machines,  simple  in  construction,  of  prac- 
tical design,  easy  in  management,  and  adapted  to  purpose. 

John  Bird,  Philadelphia,  Pa. 

(In  Annex  No.  3  to  Machinery  Hall.) 
Part  of  a  machine  for  pressing  glass-ware.    As  it  is  incomplete  and 
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unarranged,  it  is  impossible  to  judge  of  its  merits  at  this  date  (August 
I,  1876). 

DiAMONb  Glass  Company,  Ravenna^  Ohio, 

An  exhibit  of  window-glass  employed  in  the  Ohio  State  Build- 
ing, of  good,  ordinary  character. 

George  Wm.  Gordon,  Boston,  Mass. 

(In  the  Government  Building.) 

Exhibits  of  sandstone  (from  Cheshire,  Berkshire,  Mass.)  of  great 
purity  and  whiteness,  with  samples  of  different-sized  grains  of  the 
crushed  stone  as  used  by  glass-makers.  Also  some  specimens  of 
glass  ''  metal ''  made  from  this  sand  in  glass-works  of  Massachusetts 
and  New  York.  This  metal  ("  flint"  glass)  is  of  good  quality,  dense, 
clear,  and  free  from  impurities.  Some  specimens  of  the  same  "  metal" 
with  ordinary  colors  are  shown.* 

Crystal  City  Glass-Works,  yefferson  County ^  Mo, 

A  few  small  specimens  of  thick  plate-  green  glass  of  fair  quality. 
Some  samples  of  opal-  (arsenic)  glass  and  of  clear  lime-glass  of 
ordinary  qualities.  A  specimen  of  the  sandstone  employed  in  this 
manufacture  is  shown,  and  seems  fair  and  clean. 

Joseph  Wharton,  Camden^  N.  %    • 

Specimens  of  glass,  and  an  earthenware  saucer,  to  show  the  quality 
of  oxide  of  cobalt,  produced  by  him,  for  coloring  pottery  and  glass. 
These  specimens  are  of  good  color. 

*  Professor  W.  P.  Blake  has  kindly  furnished  the  results  of  three  anal3rses  of  specimens 
of  this  stone,  as  follows,  viz. : 

No.  18,  Silica 99.061  per  cent. 

No.  24,  Silica 99.232  "      " 

No.  30,  SiHca 99-41 1   "      " 

or  less  than  one  per  cent,  of  impurity,  chiefly  alumina,  and  of  no  consequence  in  an 

industrial  or  manufacturing  point  of  view. 
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THE  CHEMISTRY  AND  COMPOSITION  OF  THE  PORCE- 
LAINS AND  PORCELAIN-ROCKS  OF  JAPAN. 

BY  PROFESSOR  HENRY  WURTZ. 

The  samples  of  porcelain-minerals  and  porcelains,  from  Japan,  re- 
ferred to  me  for  chemical  examination, — ^samples  which  I  was  per- 
mitted personally  to  select  from  the  collections  on  exhibition,  through 
the  distinguished  courtesy  of  the  Imperial  Japanese  Commissioners, — 
have  occupied  a  large  share  of  my  time  during  the  last  six  months, 
in  my  private  analytical  laboratory  in  Hoboken;  the  whole  investiga- 
tion, in  every  detail,  having  been  .my  own  personal  work,  with  the 
exception  of  some  interesting  and  valuable  microscopic  obser\'ations, 
made  at  my  request  by  Dr.  Alexis  A.  Julien,  of  the  Columbia  College 
School  of  Mines,  in  New  York. 

I  have  spent,  in  addition,  a  considerable  time  in  an  examination  of 
the  literature  of  porcelain,  to  collect  such  few  data  as  are  already  on 
record  tending  to  throw  light  upon  the  special  subject  of  ceramics  in 
Japan."    In  this  also  I  owe  some  aid  to  Dr.  Julien. 

I  beg  leave  how  to  report  as  follows : 

I.  INTRODUCTORY  REMARKS. 

It  was  a  subject  of  considerable  surprise  and  pleasure  to  all,  that 
in  connection  with  the  magnificent  display  of  Japanese  ceramic  fabrics, 
which  has  become  a  matter  of  world-wide  renown,  there  was  sent  also 
an  extensive  suite  of  the  crude  native  minerals  from  which  these 
unapproachable  wares  are  produced  by  this  skillful  people. 

It  appears,  from  the  Japanese  Sectional  Catalogue,  that  this  was  a 
Government  exhibit,  by  the  Kuwangiyo-Riyo  {Imperial  Board  of 
Agriculture,  Industry^  and  Commerce),  Tokio,  of  clay,  china-stone, 
kaolin,  silex,  and  other  minerals  used  in  the  manufacture  of  the  pot- 
tery and  porcelain  of  Hizen,  Owari,  and  Ise. 

This  supplementary  display  naturally  excited  in  all  appreciative 
minds  an  extreme  degree  of  interest,  by  reason  of  the  new  opportu- 
nity offered — the  best  by  far  in  the  history  of  ceramics — to  the  nations 
of  the  West  to  learn  with  some  degree  of  scientific   precision  the 


nature  of  the  materials  and  methods  employed  in  the  highest  develop- 
ments of  this  art  in  the  far  Orient,  so  near  where  the  art  itself  was 
born.  The  undersigned  at  once  suggested  to  his  colleagues  of  Group 
II.  that  this  occasion  should  not  be  lost, — a  suggestion  which  was 
taken  up  with  unanimity,  its  originator  being  promptly  authorized 
and  requested  to  occupy  his  time,  and  to  use  his  best  efforts,  in  obtain- 
ing the  proper  samples,  with  all  possible  information  regarding  them, 
and  to  proceed  diligently  to  the  necessary  laboratory  examinations 
and  analyses.  A  like  interest  arose  in  the  minds  of  several  of  the 
distinguished  gentlemen  of  Group  L,  to  which  latter  group,  indeed, 
these  minerals,  as  such,  were  directly  pertinent.  A  subsequent  sup- 
plementary appointment  of  the  undersigned,  at  the  request  of  Group 
I.,  as  an  attache  to  the  latter,  for  the  examination  of  clays  and  allied 
minerals,  renders  appropriate  this  special  report  by  him,  as  addressed 
to  both  groups  jointly. 

It  will  be  readily  comprehended  that  the  procural  of  minute  infor- 
mation regarding  these  minerals,  and  the  mode  of  their  preparation 
and  employment,  was  not  unaccompanied  with  difficulties.  These 
arose  chiefly  from  the  circumstance  that  such  Japanese  gentlemen  of 
the  Commission  as  spoke  other  languages  than  their  own  were  un- 
familiar both  with  ceramic  technology  and  with  mineralogy.  Indeed, 
through  an  unlucky  misunderstanding,  it  was  not  until  after  the  writer 
had  spent  considerable  time  (partially  lost)  in  analyzing  some  samples, 
selected  without  sufficiently  clear  information  regarding  their  mode 
of  employment,  that  he  became  aware  of  one  member  of  the  Japa- 
nese Commission  who  was  fully  and  peculiarly  competent  to  render 
the  most  efficient  aid.  This  was  Dr.  G.  Wagener,  a  gentleman  of 
scientific  training,  whose  function  is  that  of  Foreign  Adviser  to  the 
Board  of  Agriculture,  Industry,  and  Commerce.  It  happened,  how- 
ever, that  the  difficulties  referred  to  came  to  the  attention  of  Dr. 
Wagener  only  a  few  days  previous  to  his  sudden  official  recall  to 
Japan,  so  that  his  time  for  collecting  and  conveying  the  information 
desired  was  somewhat  too  limited ;  nevertheless,  communications  of 
essential  importance,  both  oral  and  written,  were  received  from  this 
gentleman,  the  substance  of  which  will  be  found  below. 

2.  THE  MINERALS  AND  THEIR  MODE  OF  OCCURRENCE. 

These  minerals  are  referred  to  as  follows  in  the  Catalogue  of  the 
Japanese  Section :  "  Minerals  used  for  pottery  of  all  kinds  are  very 
abundant  in  Japan.  This  is  the  case  to  a  most  remarkable  degree  in 
the  neighborhood  of  the  small  town  of  Arita,  province  of  Hizen,  the 
centre  of  the  porcelain  manufacture  in  Japan.     Within  a  very  limited 
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circuit,  not  half  a  mile  in  diameter,  there  are  found  imbedded  in  the 
rock  at  different  places  all  the  materials  necessary  for  the  biscuit,  for 
the  coating  of  the  ware  before  glazing,  for  the  glaze,  for  the  'craquele,' 
etc.,  the  best  being  of  such  good  quality  that,  after  being  powdered 
and  decanted,  it  is  used  without  any  further  mixture  for  the  finest 
ware,  the  so-called  egg-shell  porcelain.  In  the  central  part  of 
Nippon,  where  granite  is  the  principal  constituent  of  the  mountains, 
in  the  provinces  of  Owari,  Yamashiro,  and  the  island  of  Awajishima, 
opposite  Hiogo,  beds  of  petuntse,  very  much  like  the  Bohemian 
material,  are  to  be  found.  When  used  for  porcelain,  this  material  is 
mixed  with  siliceous  and  feldspathic  minerals  from  other  places.  A 
thorough  mineralogical  and  chemical  examination  of  these  minerals 
has  not  yet  been  made,  but  would,  no  doubt,  prove  to  be  of  great 
interest." 

It  was  understood  that  the  especial  object  of  this  exhibit  was  to 
embody  a  complete  and  connected  suite  or  assortment  of  the  por- 
celain-minerals found  in  the  region  first  referred  to  above,  a  range  of 
hills  in  the  province  of  Hizen,  which  belongs  to  what  is  now  called 
Nagasaki-Ken,  and  which  appears,  by  a  map  of  Japan,  to  lie  near  the 
southeastern  extremity  of  the  empire,  separated  from  the  Corean 
peninsula  only  by  the  Straits  of  Corea,  and  constituting  the  most 
westerly  portion  of  the  large  island  of  Kiusiu.*  The  examination 
could  not  include  all  the  minerals  exhibited,  and  it  was  thought  best, 
therefore,  to  pass  by  the  isolated  samples  from  other  localities,  less 
generally  employed.  Dr.  Wagener,  who  designated  to  me  the  special 
minerals  of  which  I  took  samples,  took  also  the  trouble  to  write  to 
me  several  letters,  for  the  sake  of  conveying  in  more  precise  form  the 
information  arising  out  of  his  own  knowledge,  and  gathered  by  him 
among  the  manufacturers  present  as  exhibitors.  The  following 
passages  are  selected  from  these  letters  of  Dr.  Wagener: 


*  Since  the  above  was  written,  a  map  has  been  received,  through  the  kindness  of  Prof. 
H.  S.  Munroe,  of  the  Imperial  University  of  Tokio,  Japan,  which  gives  some  idea  of  the 
geology  of  this  region.  This  gentleman  has  been  traveling  in  the  United  States,  and,  as 
he  has  visited  the  locality  of  these  minerals,  several  efforts,  frustrated  by  as  many  accidents, 
have  been  made  to  meet  him.  Without  a  personal  interview  with  Prof.  Munroe,  it  is  thought 
best  not  to  set  down  here  any  conclusions  drawn  exclusively  from  his  map.  This  gentleman 
has  given  recently  to  the  public,  through  the  columns  of  the  Engineering  and  Mtmng 
Journaly  an  extended  and  highly  valuable  account  of  the  mineral  formations  and  resources 
of  the  Japanese  Empire.  In  his  concluding  summary.  Prof.  Munroe  introduced  the  fol- 
lowing remarks,  of  interest  to  our  present  subject :  "  The  universal  wealth  of  Japan,  there- 
fore, lies  not,  as  was  formerly  supposed,  in  inexhaustible  deposits  of  the  precious  metals, 
but  chiefly  in  its  abundant  stores  of  coal  and  iron.  Next  in  importance,  perhaps,  to  coal 
and  iron,  are  the  porcelain  clays,  which  form  the  basis  of  a  very  considerable  industry." 
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"  In  the  neighborhood  of  the  town  of  Arita,  the  locality  called 
Idzumi-yama  yields  the  following  materials : 

"  I.  Shira-,  or  Shiro-chuchi.* 

'*  2.  Tsuji-chuchi. 

"  3.  Sakaime-chuchi. 

"  4.  Uwa-kuszuri-chuchi. 

"  5.  Indo-chuchi. 

"  6.  Kudaru-yama-chuchi. 

"  Nos.  I  to  4,  inclusive,  are  found  within  a  very  limited  circuit,  not 
in  strata,  but  imbedded  here  and  there  in  and  overlaid  by  a  non- 
decomposed  feldspathic  rock,  of  which,  unfortunately,  no  reliable 
sample  has  been  exhibited ;  but  the  Indo-chuchi  is  the  one  which 
comes  nearest  to  it,  being  only  partly  decomposed,  and  containing 
still  a  considerable  proportion  of  hard,  unaltered  mineral. 

"The  Kudaru-yama-chuchi  is  found  between  layers  of  the  hard 
rock,  at  different  places,  including  Idzumi-yama;  but  the  sample  you 
have  is  not  from  this  place.  Apparently,  the  hard  portion  of  the 
Indo-chuchi  would  represent  the  undecomposed  rock,  and  the  Kudaru- 
yama-chuchi  the  result  of  complete  decomposition ;  and  perhaps  you 
might  obtain  a  similar  product  simply  by  washing  the  Indo-chuchi 
under  a  spray  of  water.  The  first  four  minerals  seem  to  be  inter- 
mediate products  of  decomposition ;  but  it  could  not  be  asserted  that 
the  agents  of  decomposition  have  been  the  same  as  in  the  case  of  the 
Kudaru-yama-chuchi.  If  this  were  the  case,  the  latter,  with  one  or 
the  other  of  the  four  other  minerals,  would  generally  be  found  in 
propinquity  (unless  the  Kudaru-yama-chuchi  could  be  deemed  a 
transported  deposit,  which  it  does  not  seem  to  be).  Besides,  the 
Tsuji-chuchi  and  the  others  are  found  at  greater  depths  than  the 
Kudaru-yama-chuchi,  and  surrounded  and  overlaid  by  such  thick- 
nesses of  undecomposed  rock,  that  the  decomposition  can  scarcely 
be  ascribed  to  mere  atmospheric  agencies.  As  I  told  you,  the  imme- 
diate neighborhood  of  Idzumi-yama  presents  ample  evidences  of 
volcanic  action ;  thus,  whole  rocks  of  volcanic  glass  (obsidian)  have 
broken  through  the  formation.  In  any  case,  the  first  four  minerals 
must  be  treated  as  one  group,  being  most  likely  produced  by  decom- 
position of  the  same  rock,  represented  in  all  probability  by  the 
undecomposed  portions  of  the  Indo-chuchi. 

"The  Shira-kawa-chuchi  and  theSei-ji-chuchi  have  no  connection 
with  the  other  groups  of  minerals,  coming  from  different  mountains 

*  It  is  to  be  understood  that  chuchi  is  a  generic  term,  equivalent  to  our  "  clay."  It  will 
be  seen,  however,  that  most  of  these  minerals  are  very  remote  from  -clays,  only  one  of  them 
approaching,  and  that  only  in  appearance,  to  kaolin. 
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in  the  neighborhood  of  Arita.     They  are  each  to  be  considered 
separately." 

3.  THE  IDZUMI-YAMA  QUARRIES. 

In  conversation — through  an  interpreter-^ with  Mr.  Kaijiro  Notomi, 
the  Japanese  Judge  in  Group  II.,  he  made  hastily,  with  pen  and  ink, 
the  following  rude  sectional  sketch  of  one  of  the  diggings,  which 
illustrates  some  points  so  well,  that  it  has  been  thought  useful  to 
introduce  it  here. 


■  Fa-ud-Ink  Sk«Ek  hj  Ur,  Naual. 
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Mr.  Notomi  stated  that  the  deepest  part  of  the  quarry  here  depicted 
was  but  thirty  feet  below  the  surface,  but  that  water  had  come  in  and 
stopped  work,  although  the  quality  of  the  porcelain-rock  was  improv- 
ing. The  pump-house  and  shaft,  as  he  was  understood,  are  supposi- 
titious, for  the  purpose  of  dealing  with  this  water  in  future.  Dr. 
Wagener  makes  the  following  statements  on  this  head : 

"  Notomi's  sketches  represent  the  Idzumi-yama  rather  roughly. 
They  are  sufficient  to  show  you  that  the  locality  is  rather  a  compli- 
cated one.  The  place  may  be  described  as  an  irregular  circular  area, 
almost  entirely  inclosed  by  three  steep  hills,  with  three  narrow  ravines 
between  them,  which  descend  to  some  larger  valleys.  But  the  bottom 
of  this  kind  of  mountain-kettle  is  very  irregular,  presenting  deep 
depressions  and  irregular  elevations,  one  of  which  divides  it  into 
halves.  Here  and  there  enormous  rocks  lie  around,  as  if  detached 
and  tumbled  down  from  the  sides  of  the  hills."  Dr.  Wagener  adds 
that  he  writes  from  memory,  after  an  interval  of  seven  years  since  his 
visit,  at  which  time  he  failed  to  take  notes  of  important  details,  from 
an  expectation  of  returning  again  with  more  leisure,  in  which  he  has 
been  disappointed. 

In  my  searches  through  our  yet  meagre  literature  of  Oriental 
ceramics,  I  have  encountered  what  has  been  doubtless  the  sole  source 
of  information  heretofore  available  regarding  these  porcelain-rocks 
of  Hizen.  In  the  great  work  of  the  famous  French  Orientalist, 
Stanislaus  Julien,  entitled  Histoire  et  Fabrication  de  la  Porcelaine 
Chinoise^  there  is  given  as  an  appendix  a  short  Memoire  sur  la 
Porcelaine  dii  Japon,  by  M.  le  Docteur  J.  Hoffmann,  Professor  at 
Leyden,  Interprete  du  Gouvemement  des  hides  Neerlandaises  pour  la 
Langiie  Japonaise,  Hoffmann's  only  passage  bearing  on  our  imme- 
diate subject  coincides  essentially,  so  far  as  it  goes,  with  the  state- 
ments of  Dr.  Wagener.  He  says,  "  The  terre  blanche  which  is  used 
for  the  fabrication  of  the  porcelain  comes  from  the  mountain  Idzoumi- 
yama,  and  forms  the  principal  article  of  commerce  of  the  province  of 
Fizen  (doubtless  a  misprint  for  Hizen).  No  mountain  in  the  whole 
empire  is  comparable  in  this  respect  to  this  one.  This  material  is 
white,  but  as  hard  as  rock,  and  has  to  be  broken  with  hammers  and 
pulverized  in  mills."  It  does  not  appear — ^that  is,  it  is  not  stated — 
that  Hoffmann  had  visited  the  localities  of  the  quarries. 

*  This  work  is  largely  annotated  by  Salvitat  and  other  eminent  scientists.     It  is  to  be 
found  in  the  Astor  Library,  and  in  that  of  the  U.  S.  Patent  Office,  at  Washington. 
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4.  ORIGIN  OF  THE  HIGHER  CERAMICS  IN  JAPAN. 

From  some  historical  passages  in  the  Japanese  Sectional  Catalogue, 
it  would'  seem  that  the  higher  developments  of  the  ceramic  art  in 
Japan  were  not  altogether  indigenous,  but  received  important  aid  from 
the  earlier  experience  of  Chinese  and  Corean  artisans,  and  that  the 
first  impulse  was  given  about  three  hundred  years  since.  We  may 
infer  that  the  peculiar  porcelain-stones  we  have  in  hand  have  been 
quarried  for  nearly  three  centuries,  and  largely  transported  throughout 
Japan,  while  samples  may  have  for  the  first  time  reached  the  nations 
of  the  West  through  our  Philadelphia  Exhibition.  One  passage  it 
will  be  well  to. quote: 

"  The  making  of  real  porcelain  in  Japan  began  under  the  direction 
of  Gorodayu  Shonsui,  a  native  of  Ise,  who  went  to  China  for  the  pur- 
pose of  studying  this  art.  After  his  return,  between  1580  and  1590 
A.D.,  he  settled  in  the  province  of  Hizen,  at  present  the  most  impor- 
tant centre  of  the  porcelain  industry.  With  the  excellent  material 
found  in  this  country,  he  succeeded  in  making  all  the  different  kinds 
of  porcelain  which  even  to-day  form  the  staple  produce  of  Hizen, 
viz.,  Some-tsuki,  or  blue  ware  painted  with  cobalt  oxide  under  the 
glaze ;  the  Kanyu  or  Hibiki,  i.e.,  the  *  craquele  ;*  the  Seidji,  or  celadon 
ware ;  the  Akai,  or  the  red  ware ;  and  the  *  Gosai,*  which  name 
means,  in  reality,  the  *  five  colors,*  and  was  used  for  the  porcelain 
painted  with  vitrifiable  colors  upon  the  glaze ;  this  ware  is  now  called 
*  Nishikide.'  The  old  Hizen,  or,  as  it  is  sometimes  called,  the  I  marl 
porcelain,  chiefly  manufactured  in  Arita,  is  decorated  with  a  very 
limited  number  of  colors, — blue  under  the  glaze,  black  for  the  out- 
lines of  the  ornamentation,  then  red,  green,  and  gold.  For  a  short 
time  after  the  introduction  of  this  new  industry,  the  articles  were 
generally  marked  with  the  name  of  the  above-mentioned  Shonsui, 
indicating  that  it  was  ware  made  in  accordance  with  the  style  taught 
by  him.  About  this  same  time,  after  the  Corean  war  (1592),  several 
Corean  porcelain-makers  were  brought  over  to  Hizen  by  the  Prince 
Nabeshima  Naoshige,  and  contributed  greatly  to  the  development  of 
the  new  industry.  There  are  yet  many  descendants  of  these  Coreans 
living  in  Arita,  but  they  have  entirely  amalgamated  themselves  with 
the  Japanese." 

Another  passage  recounts  the  bringing  of  other  Corean  captives 
about  the  same  time  to  Kagoshima,  a  point  somewhat  farther  south 
than  Arita,  in  the  province  of  Satsuma,  who  originated  the  ^'Satsuma 
ware."  Other  historical  matters,  though  of  interest,  would  not  be  in 
place  here. 
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5.  PREPARATION  AND   MANIPULATION  OF    THESE   MINERALS. 

The  importance  of  this  part  of  our  inquiry  is  such  that  no  apology- 
need  be  made  for  the  presentation  minutely  of  every  detail  that  has 
been  gathered.  It  will  have  been  seen  that  Dr.  Hoffmann  describes 
these  as  stony  minerals,  requiring  machinery  for  their  pulverization. 
The  Japanese  Catalogue  states  as  follows : 

"  Whatever  may  be  the  nature  of  the  raw  material,  be  it  quartz, 
felsite,  kaolin,  feldspar,  or  the  peculiar  porcelain-stone  of  Arita,  it  is 
always  powdered  by  means  of  balancing  pounders  of  a  peculiar  con- 
struction. These  are  composed  of  long  horizontal  beams,  with  a 
perpendicular  cross-piece  at  one  end,  giving  the  whole  the  shape  of 
a  hammer,  and  with  a  water-trough  at  the  other  end.  This  instru- 
ment is  put  up  wherever  a  small  stream  of  water  can  be  utilized ;  the 
water  running  into  the  trough  raises  the  pounder  by  over-weight, 
and  running  out  at  the  end  in  consequence  of  the  incline,  allows  it  to 
fall  down  again,  with  the  iron-shod  cross-piece  dropping  into  a  stone 
mortar,  in  which  the  materials  are  thus  reduced  to  powder;  the  latter 
is  then  sifted,  mixed  with  water,  and  decanted. 

"  No  other  machinery,  such  as  the  quartz-  or  glaze-mills  of  foreign 
porcelain  manufactories,  is  used,  and  the  consequence  is  that  all  the 
material  which  cannot  be  sufficiently  powdered  by  the  above-described 
pounders  (amounting  often  from  40  to  50  per  cent.)  is  thrown  away 
as  waste.  The  fine  powders  produced  by  decanting  are  carefully  mixed, 
and  removed  into  flat  boxes,  where  the  water  is  partly  drained  off 
through  a  sand  bedding,  covered  with  matting,  and  partly  tapped  off 
from  above  the  deposited  clay ;  the  latter  is  finally  brought  to  more  con- 
sistency by  placing  it  on  the  warm  furnaces.  Long  experience,  com- 
bined with  the  good  quality  of  the  raw  material,  enables  the  manufac- 
turers to  prepare  a  clay  fit  even  for  the  production  of  very  large  pieces, 
such  as  vases  from  6  to  7  feet  in  height.  These  are  chiefly  manufactured 
in  Arita,  whereas  porcelain  tables,  painted  slabs,  fire-places,  and  simi- 
lar articles  are  mostly  made  in  Owari.  The  throwing  and  shaping 
of  the  clay  is  done  upon  the  common  potter's  wheel,  which,  in  the 
town  of  Arita  (Hizen),  consists  of  a  flying  wheel  and  a  working  disk, 
twelve  or  fifteen  inches  one  above  the  other.  These  are  united  by  a 
sort  of  a  hollow  wooden  prism,  so  as  to  form  one  system  of  wheels, 
which  is  placed  over  a  vertical  round  piece  of  wood,  fastened  in  the 
ground.  To  avoid  friction  as  much  as  possible,  this  system  of  wheels 
is  resting  upon  the  pointed  stick  by  means  of  a  hollow  piece  of 
porcelain,  set  underneath  into  the  working  disk.  By  means  of  this 
lathe  the  workmen  in  Arita  turn  out  large  dishes  of  three  feet  in 
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diameter,  as  well  as  the  so-called  egg-shell  porcelain,  not  thicker 
than  paper.  For  very  heavy  and  large  pieces,  the  lathe  is  turned  by 
means  of  a  driving-cord. 

"  In  all  other  provinces  but  Hizen,  the  lathe  is  of  a  more  simple 
and  imperfect  construction,  the  flying  wheel  being  at  the  same  time 
the  working  disk. 

"  Moulds  are  also  used,  and  made  of  ordinary  clay.  Since  the 
Vienna  Exhibition  the  use  of  gypsum  for  moulding  is  taught  to  the 
porcelain  manufacturers  of  different  places,  and  will  most  likely 
effect  an  important  progress.  Some  of  the  pieces  exhibited  at 
Philadelphia  have  been  made  by  the  new  process. 

"  When  the  pieces  have  been  sufficiently  dried  in  the  open  air,  they 
are.  shaped  with  sharp  iron  tools  on  the  same  lathe  on  which  the  first 
throwing  has  been  done,  and  are  then  coated  with  a  very  pure  white 
clay,*  so  as  to  give  the  finished  ware  a  better  appearance,  and  to 
bring  out  with  more  intensity  the  fine  blue  color  of  the  cobalt 
painting.  After  this  coating,  the  ware  receives  the  preliminary 
baking  in  small  kilns  built  in  the  open  yards  of  the  manufacturing 
localities.  The  pieces  are  then  painted  with  the  oxide  of  cobalt,  and 
afterwards  glazed  in  the  same  way  as  in  Europe.  The  glaze  is 
always  composed  of  a  feldspathic  material,  either  natural  or  produced 
by  the  mixture  of  different  minerals,  to  which  is  added  a  certain 
quantity  of  wood-ashes  freed  from  the  alkali  by  careful  lixiviation. 
The  proportion  of  ashes  depends  on  the  place  which  the  pieces  have 
to  occupy  in  the  kiln,  the  heat  of  which  is  not  quite  uniform." 

The  following  extracts  from  the  letters  of  Dr.  Wagener  convey 
other  most  important  information,  supplementary  to  the  above : 

"  The  Tsuji-chuchi,  the  Shiro-chuchi,  and  the  Sakaime-chuchi  are 
the  principal  materials  for  the  body  of  the  wares.  The  Tsuji-chuchi 
is  the  purest  and  whitest,  but  a  little  hard  in  the  fire,  so  that  it  is  gen- 
erally mixed  with  Shiro-chuchi  (seven  parts  to  three).  It  is  more 
expensive,  and  hence  used  only  for  the  best  thin-body  (egg-shell) 
ware.  Shiro-chuchi  and  Sakaime-chuchi  are  considered  as  equally 
good,  and  are  mixed  in  arbitrary  proportions  for  the  larger  ware. 
This  means  simply  that  they  vitrify  at  the  same  temperature,  and  are 
both  sufficiently  white.  By  floating  and  decanting,  however,  they 
can  separate  materials  of  various  degrees  of  fineness :  for  very  large 
pieces  the  coarser  materials  are  used. 

"The  Tsuji-chuchi  is  the  best  and  whitest,  the  most  expensive, 
and  at  the  same  time  the  most  refractory ;  not  vitrifying  so  easily,  and 

*  The  Kudaru-yama-chuchi,  so  called  by  Dr.  Wagener.    See  above,  and  below  also. 
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for  this  reason  it  is  not  used  alone,  but  is  mixed  with  a  certain  propor- 
tion of  less  refractory  Shiro^  or  Sakaime-chuchi,  even  when  com- 
pounding the  body  of  the  thin  egg-shell  ware ;  so  that  the  mass  may 
vitrify  in  the  same  fire  as  the  larger  and  thicker  pieces,  made  of  the 
two  latter  minerals  alone. 

"  There  is  still  another  most  important  point  to  be  noted.  These 
materials  are  powdered  by  very  rude  machinery,  and  it  happens  that, 
after  sifting  and  floating,  40  per  cent,  or  more  of  the  original  mass 
is  thrown  away  as  waste,  in  the  shape  of  a  very  coarse  powder  which 
has  settled  upon  the  bottoms  of  the  floating  tubs.  Now,  although 
so  great  a  loss  arises  largely  from  imperfection  of  machinery,  yet  it 
may  also  be  that  the  minerals  themselves  do  not  possess  entire  hom- 
ogeneity of  texture,  but  contain  harder  and  softer  parts,  of  which  the 
former  would  be  less  perfectly  crushed.  Hence,  it  would  result  that 
neither  the  waste,  nor  the  fine  decanted  product,  would  have  the 
same  composition  as  the  raw  mineral ;  most  likely  in  one  of  them  the 
proportion  of  silica  having  been  increased,  and  in  the  other  the  pro- 
portion of  alumina.  Thus  your  analyses  might  present  discrepancies 
which  would  be  inexplicable  without  taking  these  facts  into  con- 
sideration. 

"  When  the  body  of  the  ware  is  finished,  and  before  baking,  it  is 
coated  with  the  Kudaru-yama-chuchi,  also  called  Kesso-chuchi  (which 
means  *  whitening  clay*).  The  object  of  this  coating  is  to  make  the 
ware  appear  whiter,  but  also,  and  chiefly,  to  produce  a  finer  cobalt- 
blue.  After  the  first  baking,  the  painting  with  oxide  of  cobalt  is 
done  upon  the  ground  of  Kesso-chuchi ;  then  the  ware  is  glazed  and 
baked  in  the  finishing-kiln.  The  glaze  is  composed  of  the  Uwa-kus- 
zuri-chuchi  and  lixiviated  wood-ashes,  mixed  in  various  proportions, 
according  to  the  place  which  the  ware  will  occupy  in  the  kiln,  in 
which  the  heat  is  not  uniform. 

"  The  Shira-kawa-chuchi,  mixed  with  Shiro-  or  Sakaime-chuchi,  is 
used  for  the  'craquele.'  The  Sei-ji-chuchi  is  used  for  the  greenish 
glaze,  called  'celadon,'  in  the  same  way  as  the  Uwa-kuszuri-chuchi." 

It  may  be  well  to  mention  in  this  place  that  the  mineralogical 
characters  of  these  several  minerals  will  be  described  below,  each 
under  its  own  head ;  and  the  next  point  in  order  to  be  considered  is 

6.  PREPARATION  OF  THE  SAMPLES  FOR  ANALYSIS. 

A.  The  Minerals. — It  follows,  as  a  matter  of  course,  as  suggested 
by  Dr.  Wagener  above,  from  the  circumstance  of  the  preparation  of 
the  minerals  for  use  by  processes  of  elutriation  or  flotation,  that  no 
results  at  all  reliable  or  useful,  in  the  way  of  comparison  with  the 
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wares  themselves,  could  be  expected  from  mere  analysis  of  the  min- 
erals in  their  crude  state.  The  Japanese  methods  of  preparation 
must  needs  be  imitated,  as  nearly  as  practicable,  in  the  laboratory. 
Each  sample  was  therefore,  after  weighing,  carefully  and  patiently 
pulverized  by  simple  taps  of  a  pestle,  avoiding  all  trituration,  until  it 
all  passed  through  fine  bolting-cloth ;  the  finer  parts  were  then  sep- 
arated by  suspension  in  water,  from  25  to  45  per  cent,  of  the  mass 
being  thus  decanted,  allowed  to  settle,  then  dried,  first  in  air,  then 
over  oil  of  vitriol,  and  reserved  for  analysis.  The  tedium  of  this 
part  of  the  work,  partly  on  account  of  a  notable  toughness  and  in- 
frangibility  of  the  small  particles  •  of  these  minerals,  was  great  and 
unusual,  but  unavoidable. 

B.  The  Porcelains. — The  samples  of  wares  selected  for  analysis  by 
Dr.  Wagener  were  flat,  to  facilitate  the  grinding  off  of  the  glaze.  They 
were  of  two  kinds,  one  representing  the  finer  "  egg-shell,"  and  the 
other  the  heavier  common  ware.  The  formulae,  indicating  the  washed 
minerals  and  proportions  thereof,  used  in  compounding  the  mass — ^as 
obtained  by  Dr.  Wagener  from  the  manufacturers  present — ^accompanied 
each,  and  are  stated  below.  The  removal  of  the  glaze,  which  was  not 
without  its  diflSculties,  especially  in  the  case  of  the  thinner  ware,  was 
satisfactorily  accomplished  through  the  kindness  of  Mr.  James  Gil- 
lender,  of  Philadelphia,  at  his  large  glass-works  in  the  Exhibition 
grounds,  this  gentleman  placing  his  machinery  and  a  skilled  operative 
freely  at  the  disposal  of  the  writer.  Thanks  are  due  to  him  for  this 
aid. 

The  next  step  was  the  crushing  of  these  samples  for  the  analyses, 
which  again  was  not  altogether  a  simple  matter.  Their  hardness 
forbade  the  ordinary  use  of  steel,  porcelain,  or  even  agate  mortars.  A 
plan  was  therefore  used  which  was  devised  by  the  writer  for  cases  of 
this  kind,  and  communicated  eighteen  years  since  to  the  American 
Association.*  This  consists  simply  in  pulverizing  in  a  hard  iron 
mortar,  elutriating  with  alcohol  (not  water)  when  extreme  fineness  is 
required,  and  removing  the  abraded  iron  from  the  powder  subse- 
quently, by  means  of  a  solution  of  iodine. 

7.  METHODS  OF  ANALYSIS. 

A.  General. — The  need  of  an  accuracy  as  nearly  absolute  as  pos- 
sible in  this  series  of  analyses,  led  to  the  adoption  for  most  of  them 
of  a  system  which  consists  in  making  a  set  of  analyses  all  simul- 
taneously and  parallel,  all  conditions  being  as  uniform  as  possible 

*  American  Journal  of  Science  [2]  xxvi.,  191,  Sept.  1858. 
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throughout  Thus,  for  example,  equal  weighed  or  measured  quan- 
tities of  all  reagents  are  used.  But  the  essential  device,  to  which 
this  is  subordinate,  is  to  conduct  a  parallel  blank  analysis,  in  which 
no  material  is  taken.  The  figures  from  the  latter  serve  to  correct 
absolutely  the  actual  analyses,  eliminating  all  errors  from  impurities 
of  reagents,  material  (if  any)  dissolved  from,  and  left  adherent  to, 
beakers  and  dishes,  ashes  of  filters,  etc.  The  analyses  made  with 
these  special  precautions  will,  for  distinction,  be  designated  below  as 
Absolute  Analyses.  The  minerals  and  porcelains  were  all  fluxed  for 
the  general  analysis,  with  ten  parts  of  mixed  flux  (equivalent  mixture 
of  sodium  and  potassium  carbonates). 

B.  The  Alkali-Determinations. — Some  special  remarks  should  be 
added  on  this  head.  The  method  of  Dr.  Lawrence  Smith*  is  usually 
employed  in  this  class  of  analyses,  consisting  in  conversion  of  the 
alkali  into  soluble  chloride  by  fusion  with  a  mixture  of  sal-ammoniac 
and  lime-carbonate.  The  preference  of  the  writer,  however,  is  for  his 
own  earlier  method  of  simple  fusion  with  chloride  of  calcium  to 
accomplish  the  same  transformation, — ^a  method  whose  publication 
antedates  the  above  by  nearly  three  years.f  The  chloride  of  calcium 
(free  from  magnesium)  is  most  conveniently  employed  in  the  form  of 
saturated  alcoholic  syrup  (which  contains  half  a  gramme  of  CaClj  in 
each  cubic  centimetre),  measured  out  from  a  burette  into  the  platinum 
crucible  containing  the  assay,  and  mixed  with  the  latter  by  stirring 
with  a  platinum  wire.  The  crucible  is  then  Covered,  heated  till  the 
alcohol  begins  to  boil,  and  its  vapor  is  kindled.  In  a  few  minutes 
the  alcohol  burns  away  and  the  mixture  is  ready  for  application  of  a 
higher  heat.  Copious  fumes  of  hydrochloric  acid  are  now  evolved, 
and  after  two  or  three  minutes  the  heat  is  raised  to  bright  redness, 
fusing  the  mixture,  for  ten  or  fifteen  minutes.  After  cooling,  cold 
water  dissolves  out  all  the  alkali.  To  the  liquid,  without  filtration, 
ammonia  (to  prevent  effervescence)  and  powdered  carbonate  of  am- 
monia are  added  in  excess,  heat  applied  till  the  lime-carbonate  (at 
first  bulky  and  gelatinous)  condenses  into  a  heavy  granular  precipi- 
tate, the  last  traces  of  lime  thrown  down  by  a  little  oxalate  of  ammo- 
nia, the  filtrate  evaporated  in  platinum,  ignited,  redissolved  in  water, 


*  American  Journal  of  Science,  July,  1853,  pp.  6  and  7. 

f  American  Journal  of  Science,  November,  1850,  p.  329,  also  323.  In  his  recently  pub- 
lished volume  of  collected  Scientific  Researches,  Dr.  Smith  expresses  his  opinion  (p.  220) 
that  "  CaCl,  has  but  little  decomposing  effect  on  silicates,  its  action  (in  his  own  mode  of 
application)  being  simply  that  of  a  menstruum  in  which  the  lime  can  act  conveniently  on 
the  mineral."  Multitudes  of  experiments  of  the  writer  have  given  uniform  results  at  vari- 
ance with  this  view ;  but  tliese  questions  must  be  discussed  on  some  other  occasion. 
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filtered,  evaporated  again,  and  the  pure  chlorides  of  the  alkali-metals 
weighed,  and  separated  as  usual.  It  is  desirable  to  employ  in  all 
cases  the  same  device  above  brought  forward,  of  a  parallel  blank 
analysis,  especially  as  calcium-compounds  can  scarce  be  obtained  free 
from  quite  appreciable  contamination  with  sodium.  To  this  latter 
remark  even  the  purest  artificial  precipitated  carbonate  of  lime  is 
equally  liable,  more  so  than  some  native  calcites. 

8.  DETAILS  OF  THE  ANALYSES. 

The  minerals  selected  and  submitted  to  analysis  were  eight  in 
number,  making,  together  with  the  two  porcelains  analyzed,  ten  ma- 
terials in  all,  which  will  be  designated  by  letters  of  the  alphabet: 

A.  The  Tsuji-chuchi. 

B.  "  Shiro-chuchi. 

C.  "  Sakaime-chuchi. 

D.  "  Uwa-kuszuri-chuchi. 

E.  **  Indo-chuchi. 

F.  "  Kudaru-yama-chuchi. 

G.  "  Sei-ji-chuchi. 

H.     "     Shira-kawa-chuchi. 

J.     "     Egg-shell  Porcelain. 

K.     "     Thick-body  Porcelain. 

A.  The  Tsuji-chuchi. — ^This  is  the  most  valuable  and  costly  variety 
of  the  porcelain-stone  found  at  Idzumi-yama,  and  forms  70  per  cent, 
of  the  body  of  the  finer  egg-shell  porcelain.  It  is  a  dull-white,  porous, 
granular,  coherent  mass,  not  very  unlike  coarse  chalk  in  appearance, 
but  somewhat  harder  and  very  much  tougher  ;  breaks  with  diflSculty ; 
is  rough  to  the  touch,  smearing  the  fingers,  though  not  readily;  frac- 
ture granular,  conchoidal,  dull ;  mass  obscurely  laminated  (?).  It 
adheres  to  the  tongue,  with  a  chalky  taste,  and  has  a  distinct  odor, 
much  more  of  a  chalky  than  a  clayey  character.  It  crushes  grittily 
between  the  teeth,  not  at  all  with  a  sandy  or  quartzose  grit,  but  about 
like  calcite.  In  the  mass,  under  a  low  magnifying  power,  it  has 
almost  a  saccharoid  appearance,  composed  apparently  of  small  gran- 
ules, which  have  a  distinct  though  dull  lustre.  The  aspect  suggests 
homogeneity,  which  is  disproved,  however,  by  the  results  of  the 
washing  and  analyses.  Splinters  are  scarcely  affected  before  the 
blowpipe ;  but  in  powder,  both  the  raw  and  washed  mineral  are  easily 
fritted  fast  to  a  platinum  wire  in  an  intense  blowpipe  jet,  becoming 
translucent.  It  contains  no  trace  of  carbonic  dioxide.  In  boiling 
water  the  mass  evolves  air  appreciably.  After  powdering  and  igniting 
it  has  a  pinkish  tinge.     The  proportion  of  fine  powder  remaining  sus- 


pended  in  water,  after  pounding  and  sifting  as  above  specified,  was  45 
per  cent,  of  the  whole  mass. 

The  results  of  absolute  analysis  of  the  washed  Tsuji-chuchi  (45  per 
cent),  after  drying  over  oil  of  vitriol,  were  as  follows : 

Computed  to  loo  parti, 
without  the  water. 
G)mbined  water 2.518  

Silica 78.181  80.672 

Alumina 15-699  16.174 

Ferrous  oxide 663  .684 

Lime none  none 

Magnesia  . 099  .102 

Soda 1.744  1.799 

Potash 551  .569 

Manganese trace  trace 

99.430  100.000 

Density  of  the  powder  analyzed,  taken  with  exceeding  care  and  ac- 
curacy, at  0°  C.  =  2.6962.  It  may  in  this  place  be  added  that  two 
similarly-exact  determinations  upon  two  samples  of  the  whole  mass 
of  the  Tsuji-chuchi,  gave  2.6845  and  2.6855. 

It  yielded  to  '20  per  cent,  potash-lye,  on  three  minutes^  boiling,  but 
0.444  per  cent,  of  silica,  with  0.333  P^**  cent,  of  alumina,  containing 
therefore  but  little  amorphous  uncombined  silica  or  opal. 

The  entire  absence  of  lime  from  the  Tsuji-chuchi  is  not  only  in 
itself  remarkable,  but  bears  on  the  analysis  of  the  egg-shell  porcelain 
below.  The  fact  was  settled  to  be  such,  by  repeated  and  rigid  tests. 
No  doubt  can  remain  that  this  variety — or  at  least  the  sample  of  it  ex- 
hibited— was  exceptionally  devoid  of  lime,  having  probably  been  de- 
prived thereof  by  sorte  natural  solvent;  and  the  superior  refractory 
character  attributed  to  this  variety  might  reasonably  seem  connected 
with  this  freedom  from  lime. 

B.  The  Shiro-chuchi. — This  variety  is  also  used  in  the  egg-shell 
ware,  to  the  extent  of  30  per  cent,  of  the  washed  mineral.  In  the 
mass  it  is  finer-grained,  harder,  tougher,  and  more  compact  than  A, 
but  otherwise  quite  similar;  having  an  equally  white  color  and  a  like 
cRalky  taste  and  odor,  adhering  to  the  tongue,  and  smearing  the 
fingers  slightly  (when  hard  rubbed),  though  without  the  slightest 
smooth  or  unctuous  feel.  Diffused  throughout  it  are  some  small, 
dark-colored  specks  not  present  in  A.  These,  under  the  magnifier, 
are  seen  to  contain  slight  nuclear  remains  of  small  crystals  of  iron 
pyrites.  On  blowpipe  test  these  specks  gave  an  iron  reaction,  but 
no  permanent  color  was  imparted  to  a  phosphorus-salt  bead  in  either 
the  oxidizing  or  reducing  flames.     The  proportion  of  finer  material 
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obtained  by  the  same  process  of  crushing  and  elutriation  was  much 
smaller  than  in  the  case  of  the  Tsuji-chuchi,  being  but  25  per  cent; 
but,  except  in  the  presence  of  a  little  lime  and  a  little  more  iron, 
the  composition  of  this  washed  portion  does  not  greatly  differ  from 
that  of  A. 

The  Shiro-  (like  the  Tsuji-chuchi),  though  dull  to  the  eye,  shows 
under  the  magnifier,  on  the  part  of  the  granules  which  make  up  the 
mass,  a  distinct  degree  of  lustre,  scarcely  less  than  that  of  a  fracture 
of  the  porcelain  itself  The  magnified  aspect,  under  low  power,  is 
that  of  some  compact  feldspathic  or  felsitic  psammites,  though  poros- 
ity is  of  course  proved  by  the  adhesion  to  the  tongue.  Thin  splinters 
appeared  to  yield  slightly  before  the  blowpipe  at  their  thinnest  edges, 
and  the  powder,  on  the  extremity  of  a  fine  platinum  wire  held  axially 
in  the  most  intense  mouth-blowpipe  heat  (from  a  stearic-acid  candle 
of  the  best  quality)  about  equal  to  the  point  of  fusion  of  platinum, 
passed  into  unmistakable  transparent  blebby  fusion,  a  thing  which 
could  not  be  accomplished  in  the  case  of  the  Tsuji-chuchi.  This  is 
entirely  in  accordance  with  the  statements  of  the  manufacturers,  given 
by  Dr.  Wagener.  That  the  presence  of  so  small  an  amount  of  lime, 
with  the  trifling  additional  percentages  of  iron  and  alkali,  should 
produce  so  perceptible  a  difference  in  fusibility  is  remarkable,  but 
may  not  surprise  some  chemists  of  special  experience.  It  illustrates 
well  the  almost  inutility  of  any  but  the  most  refined  and  absolutely 
exact  analyses  of  materials  employed  in  such  arts  as  the  ceramic. 

The  absolute  analysis  of  the  washed  Shiro-chuchi  (softest  25  per 
cent,  of  the  whole),  dried  over  oil  of  vitriol,  yielded: 

Computed  to  xoo  parts, 

,  without  the  water. 

Combined  water 3-330  

Silica 77.685  80.920 

Alumina 15.189  15.822 

Ferrous  oxide 895  .932 

Lime 146  .152 

Magnesia 096  .100 

Soda          ; 1.469  l>53<> 

Potash 508  .530 

Manganous  oxide                         .         .         .         .         .         .013  .014 

Sulphur trace  trace* 

99.331  100.000 

Boiling  20  per  cent,  potash-lye  dissolved  out  2.769  per  cent,  silica 
and  1.352  per  cent,  of  alumina. 

C.  The  Sakaime-chuchi. — ^This  variety  is  used,  with  the  Shiro- 
chuchi,  in  compounding  the  body  of  the  thicker  and  commoner  porce- 
lains.    There  is  little  in  its  appearance  to  distinguish  it,  either  by  the 
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eye  or  the  magnifier,  from  the  Shiro-chuchi,  except  possibly  less  hard- 
ness and  a  little  coarser  grain.  Except  that  no  specks  of  pyrites 
were  discovered  in  it,  the  description  of  its  characters,  and  behavior 
before  the  blowpipe,  would  be  substantially  similar  to  that  given  above 
of  the  Shiro-chuchi.  It  evolves,  when  boiled  in  water,  a  little  air, 
and  with  hot  nitric  acid  minute  traces  of  carbonic  dioxide.  The 
amount  of  the  softer  portion  obtained  by  elutriation  was  30  per 
cent.  After  ignition  and  grinding,  the  powder  had  a  feeble  pinkish 
tinge.  Absolute  analysis  of  the  finer  30  per  cent,  dried  over  oil  of 
vitriol,  gave: 

Computed  to  xoo  parts, 
without  the  water. 
Combined  water 3.320  

Silica 7^-073  81. 141 

Alumina 13*993  14*542 

Ferrous  oxide 1.020  1.060 

Lime 186  .196 

Magnesia 229  .242 

Soda 1.722  1*789 

Potash 961  .999 

Manganoos  oxide 031  .031 

99.545  100.000 

Density,  taken  at  0°  C,  with  great  care,  was  found  to  be  2.6041, — 
lower,  to  a  remarkable  degree,  than  that  of  the  washed  Tsuji-chuchi. 
The  difference  is  too  large  to  be  attributable  to  the  small  additional 
amount  of  water,  and  must  be  due  also  to  essential  molecular  variation. 

Boiling  20  per  cent  potash-lye  dissolved,  of  silica,  2.887  P^^  ^^^^^ ; 
of  alumina,  1.428  per  cent. 

An  isolated  analysis  of  the  whole  mass  gave : 

Without  water. 
Combined  water         . 2.610  

Silica 78.922  81.314 

Alumina    .         .         .         ...         .         .         .        .     14.373  14.809 

Ferrous  oxide 868  .894 

Lime ~  .        .162  .167 

Magnesia 224  .232 

^h} ^-^^         ^-"^ 

Manganous  oxide .044  .045 

Carbonic  dioxide trace  trace 

Sulphur trace  trace 

99.666  100.000 

From  these  analyses  it  would  seem  that  the  washed  product  differs 
very  little  from  the  whole  mass,  a  fact  which  was  found  to  hold  with 
others  of  these  minerals. 

D.  The  Uwa-kuszuri-chuchi. — This  variety  is  used  in  compounding 

9 
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glazes,  in  admixture  with  lixiviated  wood-ashes.  It  differs  from  the 
preceding  varieties  in  being  softer,  smearing  the  fingers  readily  (with- 
out any  clay-like  smoothness,  however),  and  it  has  throughout  a  good 
many  dark  specks,  accompanied  by  points  of  iron  pyrites  visible 
under  the  lens.  In  other  respects  its  general  description  resembles 
the  preceding  companion-minerals.  After  ignition  and  grinding,  the 
powder  was  pale  pinkish.  Elutriation  yielded  35  per  cent,  of  the  mass. 
The  absolute  analysis  of  this,  dried  over  oil  of  vitriol,  gave : 

Computed  to  100  parts, 
without  the  water. 
Combined  water S-T'S  

Silica 78.210  81.772 

Alumina I4>407  15*059 

Ferrous  oxide 1.408  1.471 

Lime 097  .102 

Magnesia none  none 

So<4a 1.385  1.447 

Potash 142  .  .149 

Sulphur trace  trace 

99.464  100.000 

Boiling  potash-lye,  20  per  cent.,  dissolved  from  the  washed  mineral 
1.969  per  cent,  of  silica  and  1.709  per  cent,  of  alumina. 

Of  the  whole  mass  of  this  variety,  but  a  partial  analysis  was  com- 
pleted, which  gave : 

Combined  water 2.91 

Silica 81.33 

Alumina 13.01 

E.  The  Indo-chuchi. — A  great  interest  attaches  to  this  variety,  from 
the  fact,  as  stated  by  Dr.  Wagener  in  his  letters,  that  it  still  retains, 
in  admixture,  some  of  the  unaltered  mineral,  from  which  he  conceives 
all  the  four  preceding  kinds,  together  with  the  one  which  comes  next 
(F),  to  have  been  derived  by  unknown  processes  of  alteration.  It 
presents  a  coarse-grained  mass,  rather  irregular  in  texture,  color, 
fracture,  and  degree  of  porosity.  In  some  places  it  is  quite  white,  in 
others  much  stained  with  limonite.  Scraping  with  a  knife  at  once 
distinguishes  some  harder  parts,  or  flakes,  dispersed  irregularly 
throughout  the  mstss.  With  great  labor  a  considerable  quantity  of 
this  harder  material  was  dissected  out,  and  crushed  to  coarse  powder, 
in  order  to  remove  the  remainder  of  the  soft  portions  adherent,  which 
was  accomplished  by  grinding  in  a  mortar  with  water,  with  a  light 
pressure,  so  long  as  the  water  became  at  all  milky.  A  coarse  sand- 
like material  was  thus  obtained  having  fully  the  hardness  of  unaltered 
feldspar.     Under  the  magnifier  this  presented  the  appearance  of  an- 
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gular,  opaque,  milk-white  fragments,  conchoidal,  and  dull.  No  traces 
of  feldspathic  cleavages.  Some  grains  showed  what  appeared  like 
encrusted,  or  possibly  corroded  surfaces,  a  little  honey-combed  and 
lustrous,  which  may  indicate  alteration.  On  ignition  of  these  grains, 
they  first  blacken  somewhat,  apparently  from  presence  of  organic 
matter,  but  quickly  burn  white  again.  This  behavior  is  very  curious, 
differing  from  that  of  any  of  the  associated  minerals.  No  very  marked 
odor  accompanies  this  blackening,  but  the  water  given  ofT  has  a  dis- 
tinct acid  reaction,  due  very  likely  to  sulphurous  acid;  so  that  the 
blackening  may  be  due  to  the  coexistence  of  a  trace  of  sulphuric 
acid,  or  an  acid  sulphate  with  organic  matter.  Another  curious  fact 
about  this  Indo-chuchi  was  the  development  of  a  distinct  musk-like 
odor  from  it  when  warm.  After  ignition  most  of  the  grains  had 
assumed  a  reddish  ferruginous  tinge,  some  few,  however,  remaining 
white.  The  total  iron  in  the  mass,  nevertheless,  as  shown  by  the 
analysis,  is  surprisingly  small,  being  evidently  also  in  ferrous  form. 

The  absolute  analysis  of  these  hard  grains,  dried  at  lOO^  C.  for  many 
hours,  gave : 

Computed  to  zoo  parts, 
without  the  water. 

Combined  water •        •  X<I55              

Silica 82.292  83.698 

Alumina 11.981  12.1S6 

Ferrous  oxide .139  .141 

Lime .287  .291 

Magnesia .064  .064 

Soda 2.981  3.032 

Potash .506  .515 

Manganous  oxide .072  .073 

99.477  100.000 

Density,  taken  with  great  care,  upon  the  sand-like  mass,  at  0°  C. 
=  2.489.  Two  sediments,  obtained  successively  (as  below)  from  the 
liquid  poured  off  from  this,  yielded  the  densities  2.6032  and  2.5769, 
the  more  altered  portions  of  the  rock  being  therefore  very  much 
denser.  The  fact  that  the  second  sediment  was  lighter  than  the  first, 
is  attributable,  in  part,  at  least,  to  a  higher  degree  of  hydration. 

By  boiling  20  per  cent,  potash-lye,  there  was  dissolved  from  this 
mineral, — of  silica,  6.587  per  cent.,  present  doubtless  in  opaline  form; 
of  alumina,  not  a  trace. 

The  above  analysis  (after  deducting  the  opal  present)  may  be  well 
represented  by  the  following  empirical  formula : 

Oj,.Si„Al4Na,.H,0.     Density  (computed  at  o®  C)  =  2.533. 

In  washing  out  the  above  hard — ^supposed  unaltered — Indo-chuchi, 
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the  milky  water,  after  separation  of  all  the  coarser  heavy  sediment, 
was  saved,  and  allowed  to  stand  for  one  hour,  when  a  fine  sandy 
sediment  had  separated  from  it  It  is  thought  that  an  examination 
of  this  will  be  of  much  interest,  to  compare  with  the  harder  (or  at 
least  tougher)  portion  of  the  mass  whose  composition  is  above  given. 
Up  to  the  time  of  closing  this  report,  however,  only  its  density  can 
be  given,  which  was  found  to  be,  at  0°  C,  2.6032, — considerably 
higher,  therefore,  than  that  of  the  coarser  portion.  Further,  on 
standing  for  six  days,  the  milky  liquid  poured  off  from  the  last  had 
again  deposited  quite  a  large  quantity  of  fine  mud ;  and,  finally,  the 
same  liquid,  again,  on  adding — ^to  coa'^ulate  the  suspended  matter — 
xJir  of  its  weight  of  chloride  of  calcium,  became  entirely  clear  in  a  few 
hours,  with  separation  of  a  small  white  precipitate.*  All  these  pro- 
ducts are  in  process  of  examination,  and  the  results  will  be  highly 
interesting ;  but  some  months  must  elapse  before  these  results  can  be 
fully  elaborated  for  publication,  together  with  similar  investigations 
in  progress  upon  some  of  the  other  minerals  of  the  group. 

F.  The  Kudaru-yama-chuchi. — ^This  is  the  variety  also  called  Kesso- 
chuchi.  It  is,  like  the  last,  of  especial  interest,  for  several  reasons, 
one  of  which  is  that  this  is  the  only  variety  presenting  any  approach, 
even  in  aspect,  to  a  clay.  Other  reasons  will  appear  in  discussing  the 
porcelain  analyses. 

It  is  a  pure  white,  soft,  chalk-like  substance,  easily  rubbed  up 
between  the  fingers,  with  a  slightly  unctuous  feel,  but  quite  inferior 
in  this  latter  respect  to  a  true  clay.  Under  the  magnifier  it  appears 
to  be  made  up  of  very  small,  amorphous,  transparent  grains,  irregular 
in  size.  In  water  it  immediately  falls  to  powder  with  effervescence 
(from  escape  of  a^ir),  but  the  paste  formed  has  very  little  of  the  plas- 
ticity of  that  formed  by  true  clays.  It  is  chalk-like  in  odor,  like  the 
other  minerals  of  the  group,  and  shows  no  grittiness  between  the 
teeth.  Even  after  ignition,  and  notwithstanding  its  very  appreciable 
proportion  of  iron,  its  color  remains  pure  white.  Like  all  the  other 
related  minerals,  it  may,  when  in  powder,  be. fritted  fast  to  a  fine 
platinum  wire  by  the  intensest  heat  of  the  mouth-blowpipe,  though 

*  It  may  be  of  interest  here  to  note  the  curious  fact,  encountered  in  reading  the  memoir 
of  Ebelmen  and  Salvdtat  (referred  to  in  a  subsequent  paragraph),  that  the  Chinese  porcelain- 
makers  have  long  been  acquainted,  practically,  with  the  circumstance  here  made  use  of,  the 
power  of  soluble  salts  (particularly  those  of  lime)  to  coagulate  and  precipitate  suspended 
slimy  mineral  matters  from  water,  which  has  been  supposed  by  some  to  be  a  quite  recent 
discovery,  claimed  by  several  chemists.  Ebelmen  and  Salv^tat  received,  with  their  other 
minerals  from  King-te-tching,  one  -called  "  Chy-kao,"  stated  to  have  this  precipitating 
power.  Their  analysis  showed  this  mineral  to  be  simply  a  fibrous  variety  of  gypsum  or 
lime-sulphate. 
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possibly  with  more  difficulty  than  the  others.  Two  analyses  were 
made,  one  an  isolated  analysis  of  the  whole  mass,  the  other  an  abso- 
lute analysis  of  a  portion  obtained  by  washing  over  in  suspension  in 
water  and  drying  over  oil  of  vitriol,  which  portion  amounted  to  44.8 
per  cent,  of  the  mass. 

Absolute  analysis  of  the  latter  yielded  : 

Computed  to  zoo  parts, 
without  the  water. 

Combined  water 7'^7              

Silica 49931  54*072 

Alumina 3^-738  41 -951 

Ferrous  oxide 1.582  1.713 

Lime none  none 

Magnesia 206  .223 

Soda 1.445  ^-565 

Potash I.         .  .440  .476 

99.949  100.000 

Density  carefully  determined  at  the  temperature  of  melting  ice,  or 
0°  C.  =  2.627. 

By  boiling  20  per  cent,  potash-lye,  there  was  dissolved  from  this 
4.205  per  cent,  of  silica,  with  but  a  trace  of  alumina,  from  which  must 
be  inferred  the  presence  of  a  corresponding  amount  of  soluble  or  opa- 
line silica.  Assuming  the  composition  of  the  latter  to  be  95.  silica, 
and  5.  water,  and  its  density  at  0°  C.  to  be  2.09,  the  composition  of 
pure  kudaruyamite,*  deducting  the  opal,  becomes  essentially : 

or 
Combined  water 7.39  7.79 

Silica 45.51  47.95 

Alumina 38.74  40.82 

«           Ferrous  oxide j.58  1.67 

Soda 1.68  1.77 

94.90  100.00 

Density  of  the  pure  kudaruyamite,  as  computed  at  0°  C.  =  2.653. 

This  is  the  composition  of  a  pinite,  by  the  nomenclature  of  Dana ; 
and  kudaruyamite  is  therefore  to  be  regarded  as  a  variety  of  the 
pinites,  looked  on  by  Genth  as  amorphous  damourites.  The  main 
peculiarity  of  kudaruyamite  is,  that  whereas  the  pinites  and  damour- 
ites are  invariably  potash-minerals,  this  variety  contains  soda  instead  ; 
and  the  alkali  is,  moreover,  in  much  less  proportion  than  in  other 
pinites.     Genth,  however,  regards  the  paragon ite-schists  (which  are 

*  It  i?  merely  provisionally  and  for  convenience  that  I  coin  this  and  other  like  names 
by  adding  to  the  Japanese  words  for  these  minerals  the  usual  mineralogical  termination 
ite^  instead  of  chuchi,  which  latter  is  harder  to  write  and  to  pronounce. 
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matrices  of  corundum)  of  St.  Gothard,  Pregatten  in  Tyrol,  and  Ochsen- 
kopf  in  Saxony,  as  sodium-damourite;  but,  although  pure  kudaruya- 
mite  has  nearly  the  composition  of  the  micaceous  paragonite,  by  some 
of  the  analyses  of  the  latter  (containing,  however,  more  water  and 
much  less  soda),  it  could  not  be  regarded  as  paragonite,  from  its  lack 
of  many  of  the  necessary  characters.  Paragonite-densities  range  as 
high  as  2.895  (CEllacher),  a  variation  from  kudaruyamite  sufficient  in 
amount  to  indicate  a  variation  in  volumic  type,  such  as  cannot  here, 
however,  be  fully  explained.  Margarodite  is  another  variety,  also 
micaceous,  to  which  kudaruyamite  approaches  closely  in  percentage 
composition.  We  must  be  satisfied,  for  the  present,  with  having 
accomplished  the  highly  important  point  of  identification  of  kuda- 
ruyamite as  a  member  of  Dana's  pinite  group  of  products  of  altera- 
tion. Further  light  may  come  when  a  complete  study — now  in 
progress — shall  have  been  made  of  the  molecular  volumic  relations 
of  this  and  the  other  minerals  of  the  locality. 

The  other  (isolated)  analysis  made  of  the  whole  mass  of  the  kuda- 
ruyamite was  as  follows: 

Computed  to  100  pam, 
without  the  water. 

Combined  water 7.57  

Silica 48.65  53.24 

Alumina 3^-05  41-64 

Ferrous  oxide 2.37  2.59 

Lime none  

Magnesia 43  .47 

Soda 

Potash 


I 1.88  2.06 


98.95  100.00 

The  coarser  portion  of  the  kudaruyamite,  55.2  per  cent,  of  the 
whole  mass,  gave  at  0°  C.  the  density  2.6209,  slightly  less  than  the 
washed  portion. 

G.  The  Sei-ji-chuchi. — This  one,  as  stated  by  Dr.  Wagener,  is  not  a 
companion-mineral  of  the  preceding  six,  not  coming  from  the  Idzumi- 
yama  quarries,  but  from  some  other  place  in  the  neighboring  country. 
The  analysis  was  not  therefore  made  by  the  absolute  method.  Like  D. 
it  is  used  as  a  glaze-constituent,  for  a  peculiar  green  glaze.  Its  grain 
is  much  coarser  and  rougher  than  that  of  the  preceding  minerals,  and 
it  is  very  distinctly  laminated  in  structure.  It  has,  in  fact,  the  aspect 
of  a  somewhat  altered  feldspathic  psammite,  being  in  all  except  color 
not  unlike  some  of  the  finer-grained  varieties  of  our  Triassic  (?)  albitic 
psam mites  of  the  Palisade  Range*  (so  called  brown,  or  red  sand- 

*  This  comparison  may  require  some  explanation,  even  to  some  readers  not  unfamiliar 
with  lithology.     In  a  communication  made  by  the  writer,  early  in  1 87 1,  to  the  Lyceum  of 
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stones,  used  for  building  purposes).  Though  generally  white,  it  is 
considerably  stained  by  limonite  in  many  places.  It  adheres  to  the 
tongue,  though  not  so  much  as  the  Idzumi-yama  mmerals,  and  has 
the  same  peculiar  chalky  odor.    The  analysis  gave : 

Computed  to  zoo  parts, 

'  without  the  water. 

Combined  water 1*297  

Silica        . 77844  80.101 

Alumina i3-5*o  I3-90I 

Ferrous  oxide 1.530  1.574 

Lime none  none 

Magnesia 307  .316 


Soda 


} 3-993  4.108 


Potash 

98.481  100.000 

It  is  evidently  related  in  composition  to  the  Idzumi-yama  group  of 
minerals. 

H.  The  Shira-kawa-chuchi. — ^This  mineral — ^also,  like  the 'last,  not 
from  Idzumi-yama — ^is  used  in  admixture  with  B  and  C  in  making 
the  peculiar  glaze  for  the  *'  crackle"  ware.    It  is  white,  with  brownish 

* ■ ■         -  —    ■  

Natural  History  of  New  York  City,  it  was  shown  that  the  great  mass  of  detrital  conglomer- 
ates that  extends  from  Haverstraw,  on  the  Hudson,  in  New  York,  down  through  New  Jersey 
and  Pennsylvania,  containing  conformable  beds  of  so-called  trap  (of  which  the  Hudson 
River  Palisades  is  one),  called  by  Dana  the  Palisade  Range,  and  deemed  by  him  probably 
the  American  equivalent  of  the  New  Red  Sandstone  of  England  (possibly  also  partly  of 
the  Jurassic) — that  this  formation  is  composed,  as  to  its  sandy  beds,  chiefly  of  angular 
grains  of  an  altered  albitic  mineral,  and  as  to  its  finer  shaly  beds  of  disintegrated  mica. 
Active,  and  even  energetic  incredulity  being  expressed,  among  geologists  and  miner- 
alogists, Dr.  Paul  Schweitzer  (then  of  the  School  of  Mines,  now  of  the  Missouri  State 
University)  was  led  to  make  some  analyses  (which  will  be  found  in  the  American  Chemist 
for  July,  1871,  p.  23).  These  confirmed  in  every  respect  the  lithological  determinations  of 
the  writer,  as  above  stated.  Though  the  bearing  of  these  facts  upon  the  matter  in  hand 
will  not  fully  appear  until  the  geological  relations  of  these  Japanese  minerals  shall  come  to 
be  fully  understood,  it  is  thought  that  one  of  Dr.  Schweitzer's  many  careful  and  valuable 
analyses  will  repay  quotation,  for  the  sake  of  comparison  with  that  of  the  Sei-ji-chuchi 
above. 

Combined  water 0.82 

Silica 77.70 

Alimiina 11. 81 

Ferric  oxide 1 .89 

Lime 55 

Magnesia 43 

Soda 6.89 

100.09 

Density,  as  determined  by  the  writer  at  the  time  for  Dr.  Schweitzer,  at  a  normal  tempera- 
ture, was  2.608 :  equivalent  probably  to  about  2.62  at  o^  C.  This  sample  was  one  taken 
by  the  writer  from  quarries  in  the  sandstone,  under  the  Palisades,  on  the  river-brink  near 
Haverstraw. 
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bands  and  stains,  finer-grained  than  G,  but  coarser  than  the  Idzumi- 
yama  group,  porous,  rough  to  the  touch,  but  smearing  slightly,  adher- 
ing to  the  tongue,  with  the  chalky  odor  and  taste,  and  had  a  feeble 
flesh-color  in  powder  after  ignition.     Isolated  analysis  of  whole  mass : 

Combined  water * 91 

Silica 79.13 

Alumina 16.44 

Ferrous  oxide 1.28 

Lime none 

Magnesia 24 

Soda     1 

Potash  I '"♦^ 

Manganous  oxide 15 

99.64 

J  and  K.  The  two  Porcelain-bodies. — ^The  mode  of  preparation  of 
these  for  analysis  has  been  before  explained.  The  following  table 
gives  the  figures  obtained  by  absolute  analysis,  with  the  specifications 
of  component  parts  as  imparted  to  Dr.  Wagener  by  the  manufacturers : 

Egg-shell       ware,  Thick-body     po/ce- 

containin^:  lain,     containipg: 

washed      Tsuji-  washed         Shiro- 

chuchi,  70  p.  c;  chuchi,  50   p.  c; 

washed      Shiro-  washed    Sakaime- 

chuchi,  30  p.  c.  chuchi,  50  p.  c. 

Silica 78.763  74-545 

Alumina 17-847  ^9'Z^S 

Ferrous  oxide .638  1. 91 6 

Lime .213  .106 

Magnesia .029  .176 

Soda 1*975  2.832 

Potash .203  .566 

99.668  99456 

Densities,  at  o®  C 2.3367  2.3079 

Examination  of  these  figures,  and  comparison  of  them  with  the 
analyses  of  the  washed  minerals,  shows  that  while  the  correspondence 
in  the  case  of  the  egg-shell  body  is  quite  close  enough  to  verify  the 
formula  given  by  the  makers,  in  the  case  of  the  common  porcelain 
there  is  quite  a  marked  and  decided  departure  from  the  composi- 
tion that  should  follow  from  the  specified  mixture  of  components. 
Whether  this  discrepancy  is  due  to  variations  in  the  composition  of 
the  Shiro-  and  Sakaime-chuchi  (variations  by  no  means  improbable*), 
or  to  some  other  cause,  it  seems  almost  useless,  under  existing  cir- 
cumstances, to  conjecture.     The  deficiency  of  silica  and  excess  of 

*  Thus,  the  sample  of  egg-shell  ware  analyzed  contains  a  quite  appreciable  amount 
of  lime,  more  than  found  in  the  Shiro-chuchi,  while  in  its  other  component  mineral,  the 
Tsuji-chuchi,  no  lime  at  all  was  found. 
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alumina,  in  the  thick-body  ware,  over  the  minerals  stated  to  enter 
into  it,  appears  too  large  to  be  accounted  for  by  the  mere  coating 
of  Kudaruyama-chuchi,  which  is  given  before  glazing ;  but  this  may 
nevertheless  have  had  some  influence.  We  must  rest  satisfied  with 
the  important  verification  presented  by  the  analysis  of  the  finer  egg- 
shell ware,  of  the  surprising  fact  that  Japan  porcelain,  excelling  all 
others,  in  important  characteristics  regarded  as  normal  for  porcelain 
par  excellence,  is  made  without  the  use  of  kaolin  at  all,  or  of  any 
equivalent  therefor;  being  compounded,  as  to  its  body,  solely  of 
petuntse-like  or  petrosilicious  minerals.  Indeed,  the  traditional  prin- 
ciple,— so  often  repeated  in  the  literature  of  the  art,  as  a  proverb  of 
the  Chinese, — that  while  "  the  petuntse  constitutes  the  flesh  of  por- 
celain, kaolin  must  form  its  bones,"  is  proved  here  to  be  altogether 
inapplicable.  It  may  also  be  submitted  that  a  common  popular  belief 
regarding  Oriental  porcelain  in  general, — which  appears  to  have  been 
altogether  accepted  since  the  celebrated  memoir  of  Ebelmen  and 
Salvetatwas  published,  about  1850,* — ^that  no  essential  technological 
differences  exist  between  European  and  Oriental  porcelain  fabrication, 
should  no  longer  be  so  implicitly  accepted.  As  an  example,  Liebig 
and  Kopp's  Jahresbericht  der  Chemie,  etc,  of  1850  (p.  643),  says  that 
"Salvetat  and  Ebelmen's  results  furnish  the  conclusion — in  the  highest 
degree  interesting  to  civilization — that  the  Chinese  porcelain  industry, 
as  regards  the  raw  materials,  the  preparation  of  the  mass,  and  the 
glazing  of  the  wares,  wholly  corresponds  with  that  of  Europe."  This 
interpretation  of  Ebelmen  and  Salvetat's  results — which  has  been  gen- 
erally extended,  in  popular  belief,  to  all  Oriental  porcelain — is  really 
not  fairly  justifiable,  in  the  opinion  of  the  writer,  by  an  examination 
of  the  original  memoir  of  Ebelmen  and  Salvetat ;  even  with  refer- 
ence to  the  Chinese  porcelain  of  King-te-tching  (which,  with  a  large 
assortment  of  the  raw  materials  used  in  that  huge  assemblage  of 
porcelain-works,  constituted  the  subjects  of  their  research).  These 
chemists,  among  other  minerals,  give  analyses  of  a  large  number  of 
petrosilicious  minerals  from  King-te-tching,  approximating  to  each 
other  closely  in  composition,  th^  average  of  which  may  be  stated  as 
follows :  In  ,00. 

without  water. 
Combined  water 3.  

Silica 75.  78'*3 

Alumina .14.  X4-5^ 

Soda 4.  4.17 

Potash 3.  3-" 


99.  100.00 


*  AnnaUs  de  Chimie  et  de  Physique  (3),  xxxi.,  257,  and  xxxv.,  312. 
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with  small  amounts  of  iron,  lime,  magnesia,  and  sometimes  manga- 
nese. The  close  resemblance  to  the  Idzumi-yama  minerals,  except 
in  the  larger  proportion  of  alkalies,  is  evident  In  Ebelmen  and 
Salvetat's  memoir  there  appears  no  evidence  that  Chinese  porcelain- 
bodies  may  not  sometimes  be  made  up  of  the  above-mentioned  petro- 
silicious  minerals,  with  little  or  no  admixture  ;  while  among  the  actual 
analyses  of  Chinese  porcelain-bodies  on  record,  several  may  be  cited 
that  approximate  well  to  these  minerals  in  composition.*  Thus,  Sal- 
vetat  himself,  in  his  Legons  de  Ciramique,  vol.  ii.  p.  374,  cites  one  such 


*  Since  this  report  has  been  put  in  type,  I  have  been  so  fortunate  as  to  encounter — in 
the  course  of  renewed  searches  for  facts  bearing  upon  Oriental  ceramics — a  most  important 
document,  that  had  previously  escaped  me.  In  the  American  youmal  of  Science  for 
March,  187 1,  p.  179,  there  is  printed  a  letter  from  the  distinguished  geologist  Baron  von 
Richtofen,  addressed  to  pur  American  geologist,  J.  D.  Whitney,  under  date  of  Shxmghai, 
Nov.  17,  1869. 

This  letter  absolutely  confirms  the  deduction,  drawn  from  chemical  facts,  in  the  above 
Report,  that  Chinese  porcelains  have  also  usually  a  strictly  petrosilicious  basis,  as  proved 
above  for  those  of  Japan.  The  inference  would  appear  plain,  from  Richtofen's  statements, 
that  even  the  word  kaolin  is  applied  by  the  Chinese  to  an  elutriated  petrosilex. 

Baron  von  Richtofen  recounts  a  journey  up  the  valley  of  the  great  Yang-tse  River,  in 
which  he  visited  King-te-ching,  and  crossed  a  formation  of  "  clayslates,  with  sandstones 
occasionally  imbedded,"  which  he  describes  as  more  than  stupendous  in  magnitude  and 
thickness;  whose  strata  stand  on  edge  with  an  E.N.E.  strike,  and  with  dips  of  70®  or  80^. 
He  says, — 

"  I  have  to  record  the  unexpected  fact,  that  the  material  from  which  the  porcelain  of 
King-te-ching  is  made  is  taken  from  certain  strata  intercalated  between  these  slates,  and 
occurring  at  several  places,  separated  from  each  other  laterally,  that  is,  at  angles  with  the 
strike  of  the  rocks.  It  is  a  rock  of  the  hardness  of  feldspar  (inferior  kinds  are  not  so 
hard),  and  of  a  green  color,  which  gives  it  in  some  measure  the  appearance  of  jade,  to 
which  the  Chinese,  too,  compare  it.  This  rock  is  reduced,  by  stamping,  to  a  white  powder 
of  which  the  finest  portion  is  ingeniously  and  repeatedly  separated.  This  is  then  moulded 
into  small  bricks.  The  Chinese  distinguish  chiefly  two  kinds  of  this  material,  both  sold  in 
King-te-ching  in  the  form  of  bricks,  and  as  either  is  a  white  earth,  they  offer  no  visible 
differences.  They  are  made  at  different  places,  in  the  manner  described,  by  pounding  hard 
rock,  but  the  aspect  of  the  rock  is  nearly  alike  in  both  cases.  For  one  of  these  two  kinds 
of  material,  the  place  Kao-ling  ('high  ridge')  was,  in  ancient  times,  in  high  repute;  and, 
though  it  has  lost  its  prestige  since  centuries,  the  Chinese  still  designate  by  the  name  Kao- 
ling  the  kind  of  earth  which  was  formerly  derived  from  there,  but  is  now  prepared  in 
other  places.  The  application  of  the  name,  by  Berzelius,  to  porcelain  earth,  was  made 
upon  the  erroneous  supposition  that  the  white  earth  which  he  received  from  a  member  of 
one  of  the  embassies  (I  think.  Lord  Amherst)  occurred  naturally  in  this  state.  The  second 
kind  of  material  bears  the  name  Pe-tun-tse  ('white  clay*)." 

Baron  von  Richtofen  remarks  furthermore  that  he  purposed  having  laboratory  examina- 
tions made ;  but  if  these  have  been  made,  I  have  not  encountered  the  results. 

Reference  to  a  map  of  Asia  shows  that  Arita,  in  Japan,  is  something  over  800  miles 
almost  E.N.E.  from  King-te-ching,  and,  therefore,  on  the  prolongation  of  the  strike  of  this 
Yang-tse  Group  of  Richtofen;  but  whether  this  has  any  significance  is  at  present,  of 
course,  but  speculation. 
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of  a  Chinese  porcelain  (see  No.  13  of  the  table  below) ;  and  Laurent 
and  Malaguti  obtained,  from  the  body  of  a  white  Chinese  porcelain 
vase,  figures  not  very  wide  of  a  felsite  or  petrosilex  (see  No.  14  of 
the  table).  Also  some  among  the  European  porcelains  have  some- 
what like  compositions,  as  Nos.  8,  10,  and  11  of  the  table.  European 
porcelains,  however,  as  well  as  some  of  the  Oriental,  differ  from  the 
Japan  wares  in  being  much  more  aluminous  from  the  use  of  kaolin  as 
a  constituent,  being  hence  also  more  refractory  than  the  Chinese,  as 
was  remarked  by  Ebelmen  and  Salvetat. 

The  writer  believes. that  he  is  at  least  justified  in  urging  that  the 
generally  accepted  belief  regarding  the  modes  of  compounding  the 
Chinese  wares  should  be  suspended  until  it  can  be  reconsidered  in  the 
light  of  further  information  and  chemical  examination — when  oppor- 
tunity may  occur — of  proper  samples. 

In  this  connection  it  will  be  interesting  to  quote  also  (from  Stanis- 
laus Julien's  work,  in  a  note  by  Salvetat)  an  analysis  of  a  sample  of 
"  terre  a  porcelaine  du  Japon^'  by  Malaguti,  as  follows : 

Silica 75.9 

Alumina 20.0 

Lime 6 

Potash 3.5 

100.0 

Salvetat  remarks  upon  this  that  it  "  is  a  petrosilex,"  and  further 
that  "  it  probably  represents  only  la  composition  de  t  element  fusible  ^  a 
conjecture  which  readers  of  this  present  report  may  probably  not 
accept  readily.  This  might  also  have  been  one  of  the  Idzumi-yama 
minerals,  though  the  presence  of  potash  instead  of  soda  throws  much 
doubt  upon  this  supposition. 

It  is  well  known,  from  statements  and  from  copies  of  native 
Chinese  pictures  given  in  Stanislaus  Julien's  work,  that  the  Chinese 
petuntse,  or  petrosilex,  is  not  used  in  the  raw  state,  but  goes 
through  operations  of  pounding  and  flotation  precisely  similar  to 
those  applied  to  the  Idzumi-yama  minerals  of  Japan.  The  products 
thus  obtained  pass  into  Chinese  commerce  as  concreted  again  into 
the  form  of  bricks.  Ebelmen  and  Salvetat  give,  in  their  memoir 
before  referred  to,  analyses  of  one  of  these  materials,  called  Yeou-ko, 
stated  to  be  used  at  King-te-tching  as  an  ingredient  of  glazes,  in 
admixture  with  lime  and  ashes, — ^which  will  be  quoted,  not  only 
because  they  analyzed  both  the  raw  and  the  washed  mineral,  but 
because  they  determined  the  density  of  the  former  also.  They 
describe   the   raw   Yeou-ko   as   a  slightly  greenish   rock,  scaly  in 
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fracture,  and   containing   minute   pyritous   cubes   disseminated.     It 
fused  before  the  blowpipe  to  a  white  enamel.     The  analyses  gave: 

Raw  Mineral.        Washed  MincraL 

Combined  water 2.7  2.3 

Silica 75.9  75.9 

Alumina 13.9  14.2 

Iron  oxide .7  .8 

Lime .4  .5 

Magnesia traces  traces 

Soda 3.8  3.5 

Potash 2.9  2.8 

Manganous  oxide  .        •        .        .'        .        .         .  traces  0.3 

100.3  100.3 

Density,  2.62. 

The  washed  Yeou-ko,  which  is  evidently  substantially  identical, 
excluding  some  small  impurities,  with  the  raw  mineral,  may  be 
closely  expressed  by  the  following  empirical  formula : 

This  is  given  for  comparison  with  an  empirical  formula  similarly 
deduced  from  the  washed  portions  of  the  Shiro-  and  Sakaime-chuchi 
above,  the  soluble  silica  in  the  latter  having  been  computed  out  and 
eliminated,  as  opal.     Provisionally,  we  may  call  this  variety  shirolUe, 

Oi^SijiAli^FeNa^.SHjO. 

The  egg-shell  body  may 'be  approximated  to  a  like  empirical 
constitutional  type,  thus : 

and  the  thick  body,  also,  as 

Oi6oSi«oAli8Nae. 

As  one  more  example,  the  purified,  washed  Tsuji-chuchi,  which 
forms  70  per  cent,  of  the  egg-shell  body,  may  be  brought  to  a  like 
relation,  differing  from  shirolite  by  2(Si02H«0);  thus: 

No  intrinsic  importance  is  attached  to  these  empirical  formulations, 
per  se.  They  are  merely  interesting  and  convenient,  as  representing 
equivalent  relations.  With  regard,  however,  to  certain  studies  of  the 
molecular  volumes  of  these  minerals,  in  connection  with  those  of  the 
porcelains,  these  formulae  have  an  essential  importance.  To  forward 
such  studies,  with  which  the  writer  is  greatly  occupied,  much  care 
has  been  given  to  density-determinations  of  all  these  substances. 
But  this  branch  of  the  subject  is  far  from  ripe  for  presentation  in  this 
report. 
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10.  MICROSCOPIC   STRUCTURE  OF  THE  JAPAN   PORCELAIN. 

Ceramic  microscopy  bids  fair  to  be  a  most  important  adjunct  to 
ceramic  chemistry,  and  no  opportunity  should  be  lost  of  attaining 
facts  in  this  branch.  Learning  that  Dr.  Alexis  A.  Julien,  of  the 
School  of  Mines  of  Columbia  College,  possessed  the  facilities  for 
this  kind  of  work,  I  requested  him  to  make  a  section  of  the  egg- 
shell porcelain,  and  contribute  to  this  report  a  note  upon  its  structure. 
He  has  kindly  done  so,  as  below,  and  has,  furthermore,  given  me 
some  notes,  which  I  shall  cite,  from  a  memoir  of  Behrens,  in  Poggen- 
dorff's  Annalen,  recounting  microscopic  examinations  of  some  Berlin 
porcelains  (the  cuts  of  which  I  have  also  had  copied),  and  referring 
also  to  sections  of  what  purported  to  be  Japanese  porcelain. 

Ehrenberg  long  since  observed  that  some  porcelains  examined  by 
him  consisted  of  a  transparent  vitreous  mass,  throughout  which  were 
diffused  a  greater  or  less  proportion  of  small,  opaque,  rod-like  bodies. 
These  characteristic  bodies  are  called  bclonites.  Dr.  Julien's  notes 
from  Behrens,  with  the  cuts  of  the  latter,  will  explain  the  character 
of  these  very  satisfactorily.     The  cuts  will  be  given  first. 


-P«n  of  B  ihin  leclion  of  the  botwn  of  ■  FlO.  3.— Part  of  ■  ihin  «ction  of  tj 

f  Berlin  porcebiiii.    x  1500.  cnidble  of  Beriin  por^xin.    x  acoo. 

1  the  rounded  iT^^acrUA  of  quArtr  and  Minute  gntniilet  vcatlered  through  tb 

I]  more  roiiaded  and  incloBing  glui  cxvi<  beJonitei- 
xindcd  by  bdonllet. 


#1^ 

KiG.  4.— Same  porcelain  u  Fig.  3,  with  >  Pia.  ;.— Same  pDT«lain  1 

differently  prepared  teelion.  Cruiila  liolalcd  and  in  i 

Exhlbiu  beloniin  mare  highly  tnagnificd. 
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Abstract  of  a  Supplement  to  a  Paper  of  H.  Behrens,  on  Micro- 
scopic Structure  of  Japanese  Porcelain.  {Poggendorff's  Anna- 
len  der  Physik  und  Chttnie,  vol.  cl.  p.  397,  1873.) 

Japanese  porcelain  is  made  up  of  the  same  constituent  substances 
as  European  porcelains,  but  in  relatively  different  proportions.  The 
latter  consist  of  the  products  of  devitrification,  termed  belonites  and 
granules,  distributed  in  an  irregular  network,  along  with  partially 
rounded  fragments  of  quartz,  through  a  colorless,  limpid  glass,  the 
products  of  devitrification  predominating  in  quantity  over  the  quartz, 
and  generally  over  the  glass.  In  Japanese  porcelain,  however,  it  is 
doubtful  whether  the  quantity  of  the  quartz  or  that  of  the  belonites 
is  the  larger,  while  the  quantity  of  the  glass  is  decidedly  greater  than 
that  of  the  belonites.  The  belonites  are  exceedingly  minute,  rod-like 
little  crystals,  and  in  this  porcelain  are  well  formed,  gathered  in  little 
bunches  and  radiating  groups,  and  mingled  with  little,  rounded  gran- 
ules, apparently  of  the  same  material.  Quartz  is  present  in  abun- 
dance in  little  splinters,  whose  edges  are  somewhat  rounded,  and  air- 
bubbles  are  distributed  through  the  ware,  especially  in  the  thick  layer 
of  glaze,  and  are  unusually  large  and  generally  of  a  circular  outline  in 
the  sections.  Both  the  chemical  and  microscopical  examinations 
denote  a  content  of  silica  only  a  little  greater  than  that  of  European 
porcelain.  In  the  manufacture  of  the  body  of  this  ware  a  large 
quantity  of  quartz  has  been  employed,  and  a  considerable  proportion 
of  kaolin  has  been  added  by  means  of  the  flux  (feldspar),  as  shown  by 
the  beautiful  development  of  the  devitrification  products.  The  round- 
ing of  the  fragments  of  quartz,  the  large  size  and  spherical  shape  of 
the  air-bubbles,  and  their  accumulation  in  the  glaze,  signify  that  the 
ware  has  been  exposed  for  a  short  time  to  an  intense  heat,  and  that 
the  glaze  material  is  little  more  fusible  than  that  of  the  body.  A 
confirmation  of  this  is  found  in  the  thistle-head  bunches  of  belonites 
distributed  through  the  thick  layer  of  glaze,  with  similar  bunches 
throughout  the  body, — an  occurrence  which  is  wholly  wanting  in 
European  porcelain.  Their  position  in  the  glaze  is  such  as  to  sug- 
gest their  origin  in  the  body,  out  of  which  they  appear  ready  to  rise, 
as  well  as  the  quartz  splinters,  which  also  often  occur  in  the  glaze. 
Indeed,  it  is  known  that  the  Chinese  heat  their  porcelain  in  little 
ovens,  with  quick  fires.*  The  thickness  of  the  glaze  is  partly  due  to 
exudation  of  the  glass  on  the  upper  surface  of  the  ware.     The  highly 

*  On  the  contrary,  the  Japanese  use  kifns  of  immense  size.    (See  the  yapanese  Sectional 
Catalogue  of  the  International  Exhibition  of  1876.) 
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esteemed  translucency  of  Asiatic  porcelain  may  be  attributed  to  the 
smaller  number  of  belonites  and  air-bubbles,  not  to  greater  care  in 
manufacture  than  that  bestowed  on  European  porcelain. 


It  is  plain  that,  if  the  samples  of  Behrens  were  really  Japanese  in 
origin,  they  were  not  of  the  species  of  porcelains  selected  for  my 
analyses  by  Dr.  Wagener,  at  Philadelphia.  The  presence  of  quartz  in 
Behrens'  ware  is  sufficient  to  prove  this.  Behrens'  description  and 
his  comments  are,  therefore,  of  no  direct  value  to  us,  and  have  no 
direct  bearing  on  our  special  subject  of  investigation ;  and,  indeed, 
seem  more  curious  than  useful. 

It  is  otherwise,  of  course,  with  the  figure  and  note  we  have  next  lo 
present  of  Dr.  Julien. 


Eiplanattry  Nslt  ty  Dr.  JbAn.— CmHccilan  of  lurfue  a(  Jipume  ^(-sbetl  poRc- 
taln  at  an  indsntilion.  wiih  Ihickei  glue,  nui  Iht  bouom  «f  Ihe  cup.  Al  the  left  li  lIk 
glHe.occujdett  by  bubbles  ind  cloudy  bunches  ofbelonitei.  The  bubbles  u  circular,  tu7 
greatly  insEie,  andca  theiurhccs  of  the  section  arc  partly  filled  with  Eippurliiea  due  to  Ibc 
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Fig.  6,  Dr,  Julien  indi- 


Dr.  Julien's  thin  layer  of  belonites,  a,  between  the  main  body  and 
the  glaze,  doubtless  indicates  the  preparatory  coating  of  Kudaru- 
yama-chuchi  or  Kesso-chuchi,  which  is  applied  before  baking,  as  a 
ground  for  the  glaze  and  for  the  colors. 


GENERAL  REPORT  OF  THE  JUDGES  OF  GROUP  11,         145 
II.  DENSITIES  AND  MOLECULAR  VOLUMES. 

As  has  been  before  remarked,  this  branch  of  the  subject  is  not  yet 
in  a  stage  for  complete  discussion,  and  only  some  general  preliminary 
remarks  can  be  presented. 

Two  striking  points  are  elicited  very  distinctly  by  the  exceptionally 
exact  density-determinations  that  have  been  made,  of  the  porcelains 
and  of  the  different  preparations  from  the  Idzumi-yama  minerals; 
only  a  portion  of  which  determinations  have,  however,  been  brought 
forward  in  this  report.  One  of  these  points  is  doubtless  new,  and  the 
other  old.  The  latter  relates  to  the  changes  of  density  or  volume 
which  occur  during  the  baking  of  porcelain.  Gustav  Rose  and 
Malaguti  found  that,  notwithstanding  the  well-known  contraction  of 
mere  bulk,  which  porous  porcelain-biscuit  undergoes  in  the  kiln; 
with  reference  to  actual  solid  or  homogeneous  volume,  the  operation 
of  baking  is  accompanied  by  expansion.  G.  Rose,  found  that  the  den- 
sity of  one  porcelain  (the  pores  being  eliminated)  was,  before  baking, 
2.613,  after  baking,  2.452,  a  molecular  expansion  of  6.16  per  cent. ; 
while  Malaguti  found  2.619  before,  and  2.242  after;  a  molecular  ex- 
pansion of  no  less  than  14.4  per  cent. 

In  the  case  of  the  Japan  egg-shell  porcelain,  the  70  per  cent  of 
Tsuji-chuchi,  with  density  2.6962,  and  the  30  per  cent,  of  Shiro- 
chuchi,  with  density  2.6041,  must  make  a  raw  mass  of  density  2.6686, 
while  the  burnt  porcelain  has  2.3367,  an  expansion  of  12.44  per  cent. ; 
hot  much  below  that  found  by  Malaguti.  The  material  for  the  thick- 
body  ware  is,  bpfore  and  after  baking  respectively,  2.6041  and  2.3079, 
an  expansion  of  11.38  per  cent  Thus  we  have  here  valuable  and 
striking  confirmations  of  this  previously  known  but  highly  significant 
principle. 

The  other  point  relates  to  the  natural  molecular  changes  under- 
gone by  the  Idzumi-yama  minerals.  The  general  tendencv  of  the 
investigation  has  been  to  the  probable  conclusion  that  the  alterations 
which  have  given  rise  to  several  of  the  different  materials  discussed 
above,  have^  been  rather  changes  of  molecular  constitution  than  of 
chemical  composition ;  and,  moreover,  surprising  to  say  (this  being 
the  novel  fact  alluded  to),  that  these  changes  have  been  accompanied 
by  remarkable  condensations,  or  augmentations  of  density.  The  pro- 
cess of  disintegration  has  been  accompanied  by  a  contraction  of  the 
molecules  of  the  mass,  explaining  the  porosity  that  occasions  adhe- 
sion to  the  tongue.  Thus,  the  whole  mass  of  the  Tsuji-chuchi  has 
the  density  2.685,  while  the  more  disintegrated  portion — 45  per  cent. 

— from  which  the  porcelain  is  made,  has  the  higher  density  2.6962. 

10 
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Therefore  the  harder  and  less  disintegrated  portion  (55  per  cent) 
must  have  the  lower  density  2.6758;  a  molecular  condensation,  on 
the  part  of  a  portion  of  the  mass,  of  nearly  i  per  cent.  In  this  case 
the  change  has  been  small,  but  in  other  cases  it  has  been  larger. 
Thus  the  harder  portion  of  the  Indo-chuchi  showed  a  density  of 
2.489,  and  the  medium  portion,  not  including  the  finest,  as  high  as 
2.6032,  a  condensation  of  4.4  per  cent,  of  volume.  Several  other 
similar  facts  were  made  out ;  and  the  writer  has  been  led  to  ask  the 
question,  whether  changes  merely  of  condition  of  molecular  aggrega- 
tion may  not  be  commoner,  and  more  influential  in  shaping  and  con- 
ditioning the  external  surface  of  the  earth,  than  has  been  supposed. 
A  little  consideration  shows  that  in  metamorphic  and  volcanic  rocks, 
the  extant  constitutional  equilibria  of  crystallized  minerals  having 
been  established  at  temperatures  and  conditions  of  expansion  greater 
than  are  normal  at  the  surface,  such  equilibria  are  very  likely  to  be 
unstable  at  the  surface  and  at  lower  temperatures ;  and,  in  readjust- 
ment, the  new  equilibria  assumed  should  be  those  of  more  condensed 
molecules.  Contraction  and  porosity  must  result,  admitting  water 
and  oxygen,  and  other  modifying  and  disintegrating  subaerial  agen- 
cies, into  the  mterior  parts  of  great  masses  of  rocks  previously  com- 
pact and  impermeable.  Hence  hydratation,  oxidation,  kaolinization, 
some  kinds  of  amorphism  of  rocks,  and  even  some  important  large 
geological  transformations,  are  more  readily  explicable  than  has 
been  possible  on  previous  hypotheses. 

The  writer  finds  himself  readily  able,  on  looking  attentively  into  the 
phenomena,  to  bring  the  formation  of  ordinary  kaolin  and  the  like 
minerals,  under  this  new  generalization.  Thus  the  ordinary  density 
of  normal  kaolinite  Al,08.2SiO,.2H20  is  2,6  or  higher,  notwith- 
standing the  14  per  cent,  of  water  it  contains.  There  is  every  reason 
to  believe  that  this  water  is  present  as  ordinary  water  of  crystaUization, 
the  density  of  which  has  been  proved  by  our  American  chemist,  F. 
W.  Clarke,  of  Cincinnati,  to  be  1.308 1.*  It  is  easy  thus  to  prove, 
therefore,  that  the  density  of  normal  kaolin,  without  its  water,  is  at 
least  2.81,  while  the  highest  determinations  of  all  that  havQ  been  made, 
for  all  the  feldspars,  are  as  follows : 


*  American  Journal  of  Science,  [3]  vol.  viii.  p.  428.  Professor  Clarke  showed  that  the 
molecular  volume  of  the  water  of  crystallization  in  thirty-one  hydrated  salts  was  nearly 
the  same,  the  average  being  13.76.  Dividing  18,  the  equivalent  of  water,  by  this,  gives  us 
1. 308 1,  the  density  of  water  of  crystallization,  by  this  determination. 
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Orthoclase  (Breitbaupt's  loxoclase) 2.62 

Albite  (Rammelsl>erg's  ^^Mr/<?r«'^)  .         .* 2.63 

Oligoclase  (v.  Rath,  from  Albula) 2.72 

Andesite  (Delesse,  from  Chagey) 2.736 

Labradorite  (Sterry  Hunt,  Montarville) 2.74 

Anorthite  (Streng,  Hyffhauser  Mts) 2.77 

Only  two  or  three  cases  are  known  of  feldspars  of  greater  densities 
than  these  (some  rare  varieties,  classed  as  labradorites),  which,  -as  ex- 
ceptional cases,  have  no  bearing  on  our  argument.  We  thus  arrive 
at  the  novel  and  surprising  fact  that  in  ordinary  kaolinization  of  feld- 
spathic  rocks  there  is  a  great  molecular  condensation  of  matter. 

Some  space  has  been  expended  upon  this  subject,  to  furnish  an 
instance  of  the  high  interest  and  importance  (destined  to  be  a  govern- 
ing importance  in  the  future)  that  attaches  to  this  study  of  molecular 
condensations  and  expansions,  as  yet  almost  untouched  by  chemists. 
To  follow  the  subject  further  would  not  be  pertinent  to  this  report. 
Together  with  many  other  questions  that  have  been  raised  by  this 
investigation,  and  many  further  interesting  facts  developed  therein,  it 
must  be  reserved  for  further  communications,  that  it  is  hoped  may 
hereafter  be  made  to  the  scientific  world,  as  sequences  of  this  present 
report. 


PORTLAND,  ROMAN,  AND  OTHER  CEMENTS  AND 

ARTIFICIAL  STONE. 

BY  GEN.  Q.  A.  GILLMORE,  U.S.A. 

In  the  masonry  construction  of  the  ancients  bitumen  was  largely 
employed  for  cementing  together  the  bricks  and  stones  and  filling 
the  interstices  between  them,  and  "  slime  for  mortar"  (bitumen)  was 
used  in  building  the  Tower  of  Babel.  According  to  Herodotus,  the 
walls  of  Babylon  were  composed  of  bricks  united  together  with  hot 
asphaltum.  An  analysis  of  some  mortar  taken  from  the  pyramid  of 
Cheops  shows  that  the  Egyptians  used  a  mixture  of  lime  and  sand, 
proportioned  about  like  the  common  lime-mortar  of  the  present  day, 
and  the  writer  has  seen  mortar  of  a  similar  character  taken  from  the 
aqueducts  of  ancient  Rome. 

Both  Pliny  and  Vitruvius  speak  of  the  admirable  properties  of  the 
natural  Italian  pozzuolanas  as  exhibited  in  the  marine  constructions 
of  the  Romans  extant  in  their  day,  and  in  using  this  material  there 
is  perhaps  no  better  formula  than  that  recommended  by  Vitruvius 
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himself,  which  has  been  very  generally  followed  down  to  the  present 
century  throughout  Italy,  and  at  Toulon  and  other  ancient  ports  on 
the  French  coast.  It  consisted,  when  required  for  mortar,  in  mixing 
together  and  tempering  with  water  12  parts  of  pulverized  pozzuolana, 
6  parts  of  clean  silicious  sand,  and  9  parts  of  recently  slaked  lime. 
To  this  was  added  6  parts  of  broken  stone  fragments,  when  it  was 
intended  to  be  used  for  dipise,  or  a  filling,  as  concrete  or  beton  is  used 
in  the  open  air  at  the  present  time.  Such  a  combination,  with  thor- 
ough manipulation  and  proper  treatment,  should  give  good  results, 
comparing  favorably  with  those  now  obtained  with  feebly  hydraulic 
lime  and  sand. 

What  is  known  as  Dutch  trass  closely  resembles  the  Italian  pozzuo- 
lana in  its  composition,  and  is  used  in  the  same  manner,  its  principal 
ingredients  being  silica  and  alumina,  with  a  large  preponderance  of 
the  former.  It  has  long  held  an  important  place  among  the  building 
materials  of  the  Netherlands. 

This  class  of  materials,  comprising,  besides  those  already  named, 
the  arenes,  some  of  the  ochreous  earths,  and  the  sands  of  certain 
grauwackes,  granites,  schists,  and  basalts,  and  sometimes  furnace- 
slags  and  burnt  clay,  were  largely  depended  upon,  throughout  the 
civilized  world,  where  hydraulic  lime  could  not  be  procured  or  had 
not  been  discovered,  for  conferring  in  a  feeble  degree  the  hydraulic 
property  upon  mortars,  until  about  the  beginning  of  the  present  cen- 
tury. It  is  one  of  the  popular  errors  of  the  day  to  suppose  that  the 
mortars  used  by  the  builders  of  former  centuries  were  more  enduring 
than  those  of  the  present  age.  Such  is  not  the  case,  and  no  proof  of 
it  is  furnished  by  any  existing  or  historical  evidence  respecting  their 
character,  restricted  as  such  evidence  mainly  is  to  aqueducts,  sewers, 
and  other  subterranean  works  that  have  not  been  exposed  to  the  dis- 
integrating action  of  the  elements.  On  the  contrary,  they  have  been 
found  almost  invariably  accompanied  by  conditions  extremely  favor- 
able to  their  indefinite  preservation.  By  the  use  of  hydraulic  cement 
we  are  able  to  produce  a  mortar  of  greater  strength  and  hardness,  and 
possessing  when  only  a  few  months  old  more  of  the  acknowledged 
characteristics  of  durability,  than  any  that  the  researches  of  antiqua- 
rians have  ever  brought  to  light. 

The  discovery  of  the  natural  cements  about  the  beginning  of  the 
present  century  was  a  great  step  in  advance,  but  even  that  event 
appears  to  have  been  erroneously  regarded  at  the  time  as  simply  the 
rediscovery  of  a  lost  art,  and  the  article  first  produced  was  called 
Roman  cement,  a  name  now  generally  applied  to  all  natural  quick- 
setting  cements. 
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It  was  first  made  in  England,  by  Parker,  by  breaking  up  and  burn- 
ing, and  then  grinding,  the  argillo-calcareous,  kidney-shaped  stones 
called  septaria,  found  in  the  Kimmeridge  and  London  clay,  gathered 
upon  the  sea-shore  after  storms,  or  obtained  by  digging.  They  vary 
considerably  in  their  composition,  generally  containing  not  far  from 
70  per  cent,  of  carbonate  of  lime,  18  to  25  per  cent,  of  clay  in  which 
the  silica  predominates,  less  than  3  per  cent,  of  carbonate  of  magnesia, 
and  some  oxide  of  iron.  Stones  of  similar  character  were  found  and 
used  for  the  same  purpose  in  France  and  Russia. 

The  Roman  cements  gave  such  satisfaction  that  attempts  to  manu- 
facture them  by  burning  an  artificial  mixture  of  chalk  and  clay  soon 
followed,  at  first  with  varying  success,  but  finally  culminating  in  the 
discovery  of  the  superior  results  obtained  by  burning  a  mixture  of 
definite  proportionsr  at  a  high  heat,  and  the  consequent  production  of 
Portland  cement  from  clay  and  chalk,  and  Vicat's  cement  from  clay 
and  lime.  The  former  was  called  Portland  cement  from  its  resem- 
blance in  color  to  the  English  Portland  stone.  The  latter  took  the 
name  of  its  discoverer.  It  was  also  ascertained  that  besides  the 
nodules  of  septaria  there  were  numerous  and  extensive  beds  of 
argillaceous  and  argillo-magnesian  limestones  which,  by  burning  and 
grinding,  would  yield  a  good  natural  quick-setting  cement. 

A  new  and  important  industry  at  once  sprung  into  existence.  For 
some  years  after  the  method  of  making  Roman  cement  was  discovered, 
the  chemists  failed  to  detect  the  elementary  source  of  the  hydraulic 
property,  Guyton  de  Morveau  believing  it  to  be  oxide  of  manganese, 
while  Mr.  Vitalis,  of  Rouen,  in  1807,  declared  the  presence  of  that 
mineral  to  be  unnecessary.  This  was  proved,  indeed,  by  the  fact 
that  it  was  not  invariably  present  in  the  Roman  cements  made  from 
the  septaria.  In  18 13,  Descotels,  engineer  of  mines,  attributed  this 
property  to  silex,  which  was  of  course  true  with  respect  to  certain 
silicious  limestones  like  that  of  Teil.  The  combinations  due  to 
alumina  in  connection  with  silica  were  detected  about  the  same  time, 
and  when  Vicat,  a  French  engineer  of  roads  and  bridges,  published 
his  memoir  on  the  subject  in  18 18,  the  accepted  theory  was  that  the 
hydraulic  energy  was  conferred  by  a  certain  proportion  of  clay  in  the 
limestone,  and  Vicat  was  the  first  to  prove  by  experiment  that  an 
artificial  mixture  of  carbonate  of  lime  and  clay,  when  suitably  burnt, 
would  yield  a  hydraulic  cement  as  good  as  that  derived  from  the 
natural  stone.  He  established  an  artificial-cement  manufactory  not 
far  from  Paris,  which  since  his  death  has  been  conducted  by  his  heirs. 
It  produces  the  celebrated  Vicat  cement,  to  which  reference  will 
hereafter  be  made. 
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In  England  this  new  and  attractive  industry,  and  the  existence  of 
inexhaustible  supplies  of  the  materials  requisite  for  its  remunerative 
development,  quickly  enlisted  the  attention  of  capitalists,  and  the 
shores  of  the  Medway  and  the  Thames  soon  became  the  seats  of 
numerous  and  extensive  manufactories  of  the  best  quality  of  Portland 
cement,  which  not  only  found  ready  markets  both  at  home  and 
abroad,  but  for  some  time  practically  monopolized  the  trade  in  the 
article  and  controlled  its  price.  In  1856  competing  works  were 
started  in  France,  at  Boulogne-sur-Mer,  and  subsequently  at  other 
places  on  the  continent  of  Europe. 

The  United  States,  being  plentifully  supplied  with  the  argillo- 
magnesian  and  to  some  extent  with  the  argillaceous  limestones 
suitable  for  making  Roman  cement  of  good  quality,  and  having  had, 
since  i830,.a  considerable  amount  of  capital  invested  in  its  manufac- 
ture in  the  Atlantic  States,  the  valley  of  the  Ohio,  and  elsewhere,  with 
an  increasing  demand  for  the  product  at  remunerative  prices,  were 
slow  to  adopt  the  use  of  the  more  costly  though  superior  article,  and 
it  was  not  until  after  the  close  of  the  civil  war  that  the  importation  of 
Portland  cement  received  any  encouragement.  It  was  first  used  here 
upon  government  works,  and  subsequently  in  the  manufacture  of 
artificial  stone  by  the  Coignet  process.  Within  the  last  two  or  three 
years  the  importations  have  amounted  to  about  20,000  tons  (100,000 
barrels  of  400  pounds)  per  year.  Within  the  same  period,  however, 
two  Portland-cement  works  of  moderate  capacity  have  been  started 
in  Pennsylvania,  and  a  third — organized  on  a  liberal  basis,  in  the 
expectation  of  a  large  demand — expects  to  begin  manufacturing  in 
the  State  of  New  York  in  a  few  months.  It  is  probable,  therefore, 
that  after  the  close  of  the  coming  winter  very  little  if  any  foreign 
Portland  cement  will  find  a  market  in  the  United  States,  except  in  the 
Pacific  States,  where  it  will  be  procured  by  direct  importation. 

CALCAREOUS  CEMENTS. 

This  term,  in  its  most  comprehensive  sense,  embraces  all  the 
articles  commonly  employed  as  the  cementing  material  or  matrix  in 
the  mason's  art,  and  therefore  includes  common  lime,  hydraulic  lime, 
and  hydraulic  cement. 

COMMON   LIME. 

No  descriptive  definition  of  common  line  is  deemed  necessary  here, 
and  there  is  nothing  connected  with  the  contributions  of  this  material 
by  exhibitors  calling  for  special  mention  as  evidence  of  progfess  in 
its  manufacture,  except  what  may  more  properly  be  referred  to  when 
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describing  the  recent  improvements  in  kilns  used  for  burning  lime, 
cements,  and  the  products  of  the  ceramic  art. 

HYDRAULIC  LIME. 

Hydraulic  lime  is  obtained  by  burning  and  slaking  an  impure  lime- 
stone containing  12  to  20  per  cent,  of  silica,  or  clay  in  which  silica 
predominates.  If  silica  only,  or  a  clay  containing  very  little  alumina, 
be  present,  the  product  is  called  silicious  hydraulic  lime,  and  when 
otherwise,  argillaceous  hydraulic  lime.  The  slaking  is  usually  done 
by  the  sprinkling  process.  A  species  of  hydraulic  lime  is  also 
produced  by  burning  and  slaking  some  of  the  varieties  of  argillo- 
magnesian  limestones.  They  are  less  valuable  than  those  derived 
from  the  silicious  and  argillaceous  limestones. 

Pavin  de  Lafarge,  Teil,  France, 
SouLHER  &  Brunot,  7>i/,  France. 

The  hydraulic  lime  of  Teil,  on  exhibition,  is  manufactured  from  the 
quarries  of  silicious  limestone  at  Teil,  canton  of  Viviers,  department 
of  Ardeche,  France.  These  quarries  have  been  worked  for  several  cen- 
turies. They  belong  to  the  lower  Neocomian  marls  of  the  cretaceous 
formation.  The  stone  contains  from  80  to  81  per  cent,  of  carbonate 
of  lime,  about  13  per  cent,  of  silica,  and  a  little  less  than  2  per 
cent,  of  alumina,  the  other  ingredients  being  less  than  2  per  cent.  * 
each  of  the  carbonates  of  magnesia  and  iron,  and  a  little  sand.  The 
stone  is  burnt  with  coal  in  continuous  or  perpetual  kilns,  at  a  heat  just 
sufficient  to  expel  the  carbonic  acid  without  vitrifying  any  part  of  the 
stone,  and  when  drawn  is  spread  out  in  thin  layers  and  sprinkled  with 
water  from  a  hose.  The  sprinkled  lime  falls  into  powder,  and  is  then 
shoveled  into  heaps,  and  the  slaking  is  completed  by  the  aid  of  the 
steam  evolved.  It  remains  in  these  heaps  for  about  ten  days,  and  is 
then  passed  through  a  screen  made  with  No.  40  brass  wire,  50  to  the 
lineal  inch  each  way.  The  product  thus  obtained  is  the  hydraulic 
lime  of  Teil.  The  residue  which  does  not  pass  through  the  screen, 
consisting  of  particles  of  various  sizes,  from  that  of  a  small  pea  and 
under,  is  made  up  of  free  lime  and  the  compounds  of  silica,  alumina, 
and  lime,  but  they  do  not  contain  sufficient  free  lime  to  cause  slaking 
in  the  presence  of  water.  This  residue,  when  reduced  to  powder  by 
grinding,  constitutes  the  natural  Portland  cement  exhibited  by  Messrs. 
Pavin  de  Lafarge  and  Messrs.  Soullier  &  Brunot.  Both  of  these 
establishments  also  exhibit  the  Teil  hydraulic  lime. 

The  current  prices,  delivered  at  Marseilles,  are  for  the  lime  32 
francs,  and  for  the  Portland  cement  50  francs,  per  ton  of  2204  pounds,    . 
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in  sacks,  the  sacks  to  be  returned  to  the  manufacturer.  If  packed  in 
barrels,  the  lime  is  48  francs  per  ton,  and  the  cement  65  francs,  gross 
weight,  the  barrels  becoming  the  property  of  the  purchaser. 

The  works  of  Messrs.  Pavin  de  Lafarge  are  located  on  the  bank  of 
the  river  Rhone,  at  the  base  of  the  opened  quarries.  They  contain 
34  continuous  lime-kilns,  each  having  a  daily  capacity  of  130  cubic 
yards  of  lime.  The  aggregate  daily  consumption  of  coal  is  100  tons. 
The  establishment  also  contains  30  screens,  31  pairs  of  millstones, 
5  steam-engines,  i  water-wheel,  and  is  well  supplied  with  all  other 
appliances,  such  as  trucks,  cranes,  weighing-scales,  etc.,  for  handling 
the  lime.  It  gives  employment  to  600  men,  and  manufactures  its  own 
fire-brick,  about  2000  tons  annually,  for  lining  the  kilns. 

The  average  annual  production  of  the  works  is  100,000  tons  (2204 
pounds)  of  the  screened  lime  and  10,000  tons  of  Portland  cement 

In  the  organization  and  management  of  the  business,  ample  provi- 
sion seems  to  have  been  made  for  promoting  the  health  and  comfort 
of  the  workmen,  and  for  encouraging  habits  of  industry  and  thrift. 

For  the  men  without  families  quarters  are  provided  where  meals 
are  served,  a  la  carte,  on  checks  or  counters  supplied  by  the  over- 
seer on  account  of  each  man's  monthly  pay,  and  the  scale  of  prices  is 
such  that  a  prudent  man  can  live  at  a  cost  of  25  to  30  cents  per  day, 
including  a  moderate  allowance  of  common  wine.  This  allows  for  3 
meals  per  day.  The  men  are  lodged  and  provided  with  beds  for  about 
I  cent  each  per  day.  Of  the  600  workmen  250  are  unmarried,  and 
are  provided  for  in  this  manner.  The  men  with  families  are  quartered 
near  by  in  a  village  belonging  to  the  company,  in  which  there  is  a 
grocery,  a  bakery,  and  a  clothing-store,  where  all  the  workmen  are 
allowed  to  supply  themselves.  Provisions  are  advanced  on  credit 
without  charging  the  consumer  with  interest 

A  savings  bank  is  provided  in  which  the  workmen  may  deposit 
their  money,  in  any  sum  from  i  franc  to  1500  francs,  upon  which  4j4 
per  cent,  interest  per  annum  is  allowed.  In  March,  1876,  the  bank 
contained  60,000  francs  belonging  to  the  employes. 

A  sick  fund  presided  over  by  the  heads  of  the  firm,  aided  by  a 
committee  of  management  composed  of  clerks  and  workmen,  is  main- 
tained by  retaining  \)^  per  cent  of  the  earned  wages,  to  which  the 
establishment  itself  contributes  a  sum  equal  to  one-fifth  of  the  amount 
stopped  from  the  men.  From  this  fund  pensions  are  paid  to  the  aged 
workmen  and  to  the  widows  of  workmen,  and  assistance  is  given  to 
the  sick  during  their  absence  from  the  works.  A  hospital  is  provided 
for  men  without  families  when  sick.  A  school-house  for  the  children, 
and  a  church  and  minister,  are  also  provided. 
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HYDRAULIC  CEMENTS. 

The  hydraulic  cements,  after  burning,  do  not,  like  the  limes,  slake 
in  the  presence  of  water,  and  have  therefore  to  be  reduced  to  powder 
by  grinding.  They  may  all  be  arranged  in  two  comprehensive  classes, 
viz. : 

1st  The  heavy,  slow-setting  cements,  both  natural  and  artificial, 
produced  at  a  high  heat.  This  class  embraces  the  Portland  and  the 
Vicat  cements ;  but  as  the  difference  between  the  two  rests  more  upon 
a  single,  although  distinctive,  variation  in  the  process  of  manufacture 
than  upon  the  character  of  the  cement  produced,  it  is  deemed  proper 
for  the  purposes  of  this  brief  description  to  include  both  under  the 
general  designation  of  Portland  cement. 

2d.  The  light,  quick-setting  natural  cements,  such  as  the  Gren- 
oble, the  Rosendale,  the  Louisville,  and  other  Roman  cements. 

PORTLAND  CEMENT. 

Portland  cement  is  produced  by  burning,  with  a  heat  of  sufficient 
intensity  and  duration  to  induce  incipient  vitrification,  certain  argilla- 
ceous limestones,  or  calcareous  clays,  or  an  artificial  mixture  of  car- 
bonate of  lime  and  clay,  or  of  lime  and  clay,  and  then  reducing  the 
burnt  material  to  powder  by  grinding. 

There  were  four  methods  of  making  this  cement  represented  in  the 
Exhibition.  They  will  each  be  briefly  described,  although  some  of 
the  manufacturers  expressly  declined  to  furnish  the  information  asked 
for  concerning  the  details  of  their  process,  while  others  have  not 
responded  to  the  inquiries  addressed  to  them  on  the  subject.  Enough 
is  known,  however,  with  respect  to  the  materials  employed  and  the 
details  of  the  treatment  to  which  they  are  subjected,  in  the  several 
modes  of  manufacture,  to  enable  those  who  have  given  the  subject 
any  intelligent  attention  to  understand  their  essential  and  distinctive 
features.  It  is  not  practicable  for  manufacturers  to  derive  any  advan* 
tage  from  withholding  information  on  this  subject. 

1st  Method.  By  this  method  the  cement  is  produced  by  burning 
at  a  high  heat  an  argillaceous  limestone  containing  from  jy  to  80 
per  cent,  of  carbonate  of  lime  and  20  to  23  per  cent,  of  clay,  and 
then  grinding  the  burnt  material  to  a  fine  powder  between  millstones. 

The  stone  should  be  a  homogeneous  and  intimate  mixture  of  its 
constituent  ingredients,  and  the  clay  in  it  should  contain  at  least  i  y^ 
to  2  parts  of  silica  to  I  of  alumina.  There  are  generally  present,  also, 
carbonate  of  magnesia  and  oxide  of  iron  in  small  quantities,  and 
sometimes  a  small  percentage  of  the  alkaline  compounds,  but  the 
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Stone  should  contain  not  less  than  94  per  cent,  of  the  essential  ingre- 
dients— the  carbonate  of  lime  and  clay — in  order  to  yield  a  Portland 
cement  of  first  quality.  The  presence  of  carbonate  of  magnesia  be- 
comes seriously  objectionable  when  the  amount  exceeds  2^  to  3  per 
cent. 

Only  two  localities  were  represented  by  this  method  of  manufac- 
turing Portland  cement,  viz.,  Teil,  in  France,  and  Coplay,  in  the 
United  States,  near  Allentown,  Pennsylvania.  The  Teil  cement  is 
produced  in  the  process  of  making  the  hydraulic  lime  of  that  locality, 
as  already  described. 

The  Coplay  Cement  Company,  Allentown,  Pa, 

The  Coplay  Cement  Company  exhibited  three  brands  of  cement, 
viz.,  Saylor's  Portland  cement,  Coplay  hydraulic  cement,  and  Anchor 
hydraulic  cement,  all  made  from  an  argillaceous  limestone  quarried 
at  Coplay,  about  six  miles  from  Allentown.  The  two  last  named  are 
light,  quick-setting  cements.  For  several  years  the  Coplay  hydraulic 
cement,  which  is  quick-setting  and  good  of  its  class,  has  been  made 
from  this  stone  by  burning  it  in  perpetual  kilns,  at  a  lower  heat  than 
that  necessary  to  produce  good  Portland  cement.  In  making  the 
Anchor  cement,  a  certain  small  proportion  of  the  raw  stone  is  ground 
up  with  the  burnt  cement  to  give  it  a  darker  color.  It  also  renders  it 
more  easily  worked  by  the  masons,  and  does  not  impair  its  strength. 
The  stone  is  not  a  homogeneous  mixture  of  the  constituent  ingre- 
dients, and  when  burnt  at  the  high  and  long-continued  heat  which 
Portland  cement  requires,  it  yields  a  heterogeneous  mixture,  contain- 
ing Portland  cement,  common  quick-setting  cement,  and  common 
and  hydraulic  lime.  In  the  process  followed  in  making  Saylor's  Port- 
land cement,  the  raw  stone  is  first  finely  ground  between  millstones, 
in  order  to  obtain  a  homogeneous  mixture  of  the  ingredients.  It  is 
then  tempered  stiffly  with  water,  and  formed  into  lumps  or  balls  of 
irregular  shape  of  from  3  to  5  pounds  weight,  which  after  partial  dry- 
ing are  burnt  at  a  high  heat  in  upright  intermittent  kilns,  in  layers 
alternating  with  layers  of  anthracite  coal ;  about  sixteen  days  being 
consumed  in  charging,  burning,  cooling,  and  drawing  the  kiln. 

The  establishment  contains  3  kilns  for  burning  the  Portland  cement, 
and  4  for  the  light  cements,  with  ample  grinding-power  driven  by 
steam.  The  largest  production  in  any  one  year  has  been  52,000  bar- 
rels (of  300  pounds)  of  the  light  cements.  The  present  yearly 
capacity  is  70,000  barrels  of  the  light  cements,  and  12,000  barrels  (of 
400  pounds  net)  of  Portland  cement  When  running  full,  employ- 
ment is  given  to  50  men  and  boys. 
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At  Seilley,  France,  Portland  cement  is  made  by  a  mode  similar 
to  that  pursued  at  Teil,  but  none  of  it  was  on  exhibition,  and  no  further 
reference  to  it  will  be  made. 

2d  Method.  Argillaceous  chalk  of  the  same  composition  as  the 
natural  stone  above  mentioned  is  used  for  making  cement  by  the 
second  method,  and  either  the  "  wet  process"  or  the  "  dry  process" 
may  be  followed. 

By  the  wet  process  the  argillaceous  chalk  is  mixed  up  with  a  large 
quantity  of  water  in  a  circular  wash-mill,  provided  with  heavy  iron 
harrows,  attached  to  the  horizontal  arms  of  a  vertical  revolving  shaft, 
to  secure  a  thorough  reduction  of  the  more  solid  particles  to  an  im- 
palpable paste.  When  a  thorough  and  intimate  mixture  is  thus 
effected,  the  semi-liquid  mass  is  conducted  away  to  large,  open  reser- 
voirs, where  it  is  left  to  settle.  The  clear  water  as  it  rises  to  the  sur- 
face, or  as  the  heavier  materials  subside,  is  drained  off,  and  the  raw 
cement,  which  remains,  is  allowed  to  become  partially  dry  and  hard 
by  the  evaporation  produced  by  exposure  to  the  atmosphere. 

While  the  mixture  is  in  the  reservoirs  samples  of  it  are  taken  from 
time  to  time  and  made  into  cement  in  sample-kilns,  to  verify  the 
correctness  of  the  proportions  of  carbonate  of  lime  and  clay.  If  any 
error  in  this  particular  is  discovered  it  is  corrected  by  washing  in  new 
material  containing  an  excess  of  the  deficient  ingredient,  or  some- 
times by  mixing  together  the  contents  of  two  or  more  reservoirs. 

When  the  raw  cement  has  attained,  by  drying,  the  consistency  of 
very  stiff  clay,  it  is  turned  up  to  the  air  by  shovelfuls,  and,  after 
further  drying  to  about  the  condition  of  bricks  when  ready  for  the 
kiln,  it  is  burnt.  Large  ovens  are  generally  used  for  drying  the  mix- 
ture in  extensive  "works. 

By  the  dry  process  the  calcareous  clay  is  ground  up  in  a  circular 
mill,  under  edge-runners,  with  just  sufficient  water  to  render  it  some- 
what softer  than  mason's  mortar,  and  is  then  partially  dried  by  natural 
or  artificial  means, — preferably  in  large,  shallow  pans,  or  upon  a  dry- 
ing-floor underlaid  with  steam  or  hot-air  flues. 

When  it  has  become  sufficiently  stiff,  it  is  moulded  into  irregular- 
shaped  balls  by  hand  or  passed  through  a  brick-making  machine,  and 
is  then  further  dried  to  the  condition  suitable  for  burning. 

In  burning,  the  material  requires  to  be  subjected,  for  several  hours, 
to  a  heat  sufficient  to  produce  incipient  vitrification,  in  either  perpetual 
or  intermittent  kilns.  Throughout  Europe  the  prevailing  custom  is 
to  burn  with  gas-coke  or  anthracite  coal  in  upright,  bell-shaped  inter- 
mittent kilns,  the  raw  cement  and  the  fuel  being  placed  in  the  kiln  in 
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alternate  layers  and  fired  from  below.  The  kiln  is  charged  through 
side  doors,  which  are  kept  tightly  closed  during  the  process  of  burn- 
ing. The  burnt  cement,  called  *'  clinker,"  is  of  a  dark-greenish  color, 
and  the  pieces  are  much  contorted  and  shrunken  from  the  effects  of 

the  heat. 

LoNQUETY  &  Co.,  Boulogne^  Fratice. 

The  only  locality  known  by  the  writer  to  furnish  the  material  for 
making  Portland  cement  by  the  second  method  is  near  Boulogne-sur- 
Mer,  France,  where  the  extensive  establishment  of  Messrs.  Lonquety 
&  Co.  is  engaged  in  this  important  and  growing  industry.  The  raw 
material  employed  is  found  in  the  Inferior  Cretaceous  formation,  and 
consists  of  an  argillaceous  chalk,  containing  from  ^6  to  82  per  cent 
of  carbonate  of  lime  and  18  to  24  per  cent,  of  clay.  The  deposit  is 
sufficiently  soft  to  be  excavated  with  a  pick  and  shovel. 

The  chalk  is  first  reduced  to  a  very  liquid  paste  by  the  wet  process. 
It  is  then  carried  to  the  mixing  apparatus,  where  a  small  percentage 
of  certain  other  ingredients,  of  which  the  exact  character  and  amount 
are  not  known  to  the  public,  is  incorporated  with  it.  The  paste  is  then 
conveyed  to  large  reservoirs,  where  a  partial  drying  ensues,  which  is 
subsequently  finished  in  drying-kilns.  It  is  then  burnt  in  intermittent 
upright  kilns  with  anthracite  coal  or  coke,  and  at  once  ground  and 
packed  in  barrels  for  the  market. 

The  company  began  manufacturing  in  1856,  and  the  amount  of 
capital  now  invested  in  the  business  exceeds  half  a  million  of  dollars. 
The  principal  works  are  at  Marais,  in  Boulogne,  which  contain  30  kilns 
for  burning  the  cement,  84  drying-ovens,  and  24  sets  of  millstones, 
and,  when  running  to  their  full  capacity,  produce  70,000  tons  (of  2204 
pounds)  of  Portland  cement  annually,  and  give  employment  to  637 
workmen.  The  company  carry  on  less  extensive  works  at  ChatiUons, 
in  Boulogne,  and  also  at  Nesles,  near  the  city,  where  the  quarries 
which  supply  the  argillaceous  chalk  are  located.  At  these  two  works 
14  cement-kilns  and  8  drying -ovens  are  operated,  and  184  men 
employed. 

The  aggregate  yearly  capacity  of  the  three  works  is  100,000  tons 
of  cement. 

3d  Method.  This  yields  an  artificial  Portland  cement  by  mixing 
together  the  carbonate  of  lime  and  clay.  It  is  especially  adapted  to 
localities  where  chalk  or  soft  marl  abounds,  although  it  is  also  appli- 
cable where  the  compact  limestones  have  to  be  employed.  Any 
pure,  or  nearly  pure,  limestone  will  answer,  although  it  is  well  to 
remember  that  the  large  consumption  of  power  involved  in  the  reduc- 
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tion  of  the  hard  carbonates  to  powder  places  them  under  a  disadvan- 
tage which  practically  excludes  their  use  in  regions  which  supply 
chalk  or  tender  marl.  Suitable  clay  is  of  much  more  rare  occurrence 
than  suitable  limestone,  for  the  reason  that  it  must  contain  the  silica 
and  alumina  in  a  certain  condition  of  comminution  and  in  certain  pro- 
portions ;  otherwise  it  will  not  produce  good  Portland  cement. 

When  the  calcareous  ingredient  is  chalk,  the  wet  process,  already 
described,  is  usually  followed,  but  the  chalk,  especially  if  it  contains 
flint,  should  not  be  allowed  to  mingle  with  the  clay  until  it  has  passed 
a  fine  wire  sieve. 

All  the  English  Portland  cements  are  made  by  the  wet  process, 
with  a  mixture  of  either  the  white  or  the  gray  chalk,  and  clay  pro- 
cured from  the  shores  or  dredged  from  the  bottom  of  the  Medway  or 
Thames.  These  are  pulverized  and  mixed  together  in  a  circular 
wash-mill,  and  subsequently  treated  in  the  manner  already  described 
for  the  second  method. 

One  manufactory  is  located  at  Birkenhead,  and  there  are  several  on 
the  Thames,  in  the  neighborhood  of  London.  Those  represented  in 
the  Exhibition  were  Francis  &  Co.,  Hollick  &  Co.,  A.  H.  Lavers,  the 
Wouldham  Cement  Company,  and  Eastwood  &  Co.,  all  of  London. 

Eastwood  &  Co.,  London,  England. 

Eastwood  &  Co.  exhibited  specimens  of  cement  formed  into  shape 
for  testing,  but  no  cement-powder,  and  as  the  age  and  history  of  the 
moulded  specimens  are  not  given,  it  has  been  impossible  to  ascertain 
their  strength  and  hardness  at  any  given  age,  or  to  fix,  with  any  cer- 
tainty, their  comparative  value.  The  specimen  briquettes  are  dense 
and  hard,  and  it  may,  perhaps,  be  assumed  that  the  cement  of  which 
they  are  made  is  of  good  standard  quality. 

Francis  &  Co.,  London,  England. 

Francis  &  Co.  employ  200  men,  and  their  works  have  a  yeany  pro- 
ductive capacity  of  20,000  to  30,000  gross  tons.  It  is  expected  that 
the  capacity  will  be  more  than  doubled  during  the  present  year  by 
additional  works,  of  which  the  company  is  about  to  take  possession. 
The  Parian  cements  manufactured  and  exhibited  by  Francis  &*Co. 
are  of  two  grades, — the  superfine  quality  and  the  second  quality. 
They  are  both  of  superior  excellence  and  strength.  The  base  of  all 
Parian  cements  is  calcined  gypsum.  They  are  suitable  for  interior 
use  only,  and  are  not  hydraulic. 
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WouLDHAM  Cement  Company,  London,  England. 

The  Wouldham  Cement  Company  operate  16  kilns  and  6  sets  of 
millstones,  producing  about  18,000  tons  of  Portland  cement  annu- 
ally, and  giving  employment  to  about  250  workmen.  The  specimen 
exhibited  stands  high  on  the  list  for  crushing  strength. 

A  well-known  manufacturer  of  Portland  and  Parian  cements,  in 
London,  in  reply  to  inquiries  addressed  to  him  on  the  subject,  esti- 
mates that  there  are  from  30  to  40  cement  manufacturers  in  Great 
Britain,  that  the  capital  employed  in  the  business  cannot  be  far  short 
of  i^*!, 500,000  sterling,  and  the  total  annual  production  650,000  to 
700,000  tons,  giving  employment  to  about  5000  men.  This  includes 
all  descriptions  of  cement, — the  Portland,  Roman,  Parian,  and  Keene. 
The  total  quantity  produced  other  than  Portland  is  comparatively 
small. 

ScANiAN  Cement  Company  (limited),  Lomma^  Sweden, 

Sweden  was  represented  by  an  artificial  Portland  cement,  manufac- 
tured after  this  method,  by  the  Scanian  Cement  Company  (limited), 
from  cretageneous  chalk  and  clay,  at  Lomma,  near  Malmo.  It  is 
made  by  the  wet  process,  and  burnt  with  coke  made  on  the  spot  from 
English  coal.  The  German  upright  kilns  are  used,  and  they  are 
fired  intermittently.  Brick-making  and  the  quarrying  of  limestone 
for  export  are  carried  on  by  the  same  company.  All  the  work  of 
the  establishment  is  done  by  the  job  or  piece,  and  gives  employment 
to  from  300  to  400  men.  No  women  are  employed.  The  production 
of  1874  was  valued  at  1^138,900  gold,  and  comprised  16,000  barrels  of 
Portland  cement,  5,000,000  pieces  of  bricks,  roofing,  and  drain-tiles, 
and  610,000  cubic  feet  of  quarried  limestone.  In  1875  38,000  bar- 
rels of  Portland  cement  were  produced.  A  sick  fund  and  a  library 
have  been  established  for  the  benefit  of  the  workmen. 

With  hard  limestone  the  dry  process  is  usually  adopted,  the  raw 
materials — the  stone  and  the  clay — ^being  first  kiln-dried  at  212  de- 
grees Fahrenheit,  or  above,  in  order  to  expel  moisture  and  prevent 
caking  in  the  mill,  and  otherwise  facilitate  grinding  and  sifting.  After 
being  dried  the  two  are  mixed  together  in  suitable  proportions, 
already  indicated,  and  reduced  to  fine  powder.  One  kind  of  machine 
will  not  suffice  for  grinding  the  raw  materials  economically.  In  some 
of  the  German  manufactories  three  are  used,  viz.:  (i)  a  stone-crush- 
ing machine,  which  delivers  the  materials  in  pieces  not  larger  than  a 
walnut ;  (2)  a  further  reduction  is  secured  by  a  vertical  mill  or  edge- 
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runner ;  and  (3)  it  is  then  ground  between  horizontal  millstones  to  a 
powder,  of  which  90  per  cent  should  pass  a  wire  screen  of  80  fine 
wires  to  the  lineal  inch. 

The  mixed  and  powdered  materials  are  then  tempered  to  a  stiff 
paste  in  a  brick-machine,  and  formed  into  bricks  of  suitable  size  for 
burning,  the  mixture  being  kept  warm  with  coils  of  steam-pipes  during 
this  process.  In  some  cases  the  liquid  used  for  tempering  is  not  pure 
water,  but  a  mixture  formed  by  adding  to  100  parts  of  water  from  3 
to  6  parts  of  calcined  soda,  and  5  to  6  parts  of  newly-burned  slaked 
chalk  or  lime,  which  is  kept  hot  by  coils  of  steam-pipes.  The  burning 
takes  place  at  a  high  heat,  as  prescribed  for  the  natural  Portland 
cement. 

The  Wampum  Cement  and  Lime  Company  (limited),  New  Castle^  Pa. 

This  company  exhibited  a  Portland  cement  manufactured  by  the 

dry  process,  from  an  artificial  mixture  of  fossil  limestone  and  clay. 

Both  are  ground  to  powder  and  mixed  in  the  proper  proportions  with 

water,  formed  into  bricks,  dried  in  ovens,  and  then  burnt  with  coke 

at  a  high  heat  in  intermittent  kilns.     The  works  have  been  started 

within  the  past  year,  and  contain  at  present  but  one  kiln  and  one  run 

of  stone.     They  have  been  planned  for  a  capacity  of  30,000  barrels 

per  year,  but  cannot  produce  more  than  10,000  barrels  with  existing 

appliances. 

William  McKay,  Ottawa,  Canada, 

Mr.  McKay  exhibited  a  cement  made  in  a  sample-kiln,  with  a  mix- 
ture of  shell-marl,  clay,  and  carbonate  of  soda.  The  marl  and  clay 
are  first  dried,  and  finely  pulverized  separately.  Fifty  (50)  parts  of 
the  clay  are  then  mixed  with  57  parts  of  a  hot  solution  formed  by 
boiling  together  100  parts  of  lime-water,  3  parts  of  the  carbonate 
of  soda,  and  i  part  of  extract  of  wood-ashes.  With  this  clay-mix- 
ture, while  hot,  120  parts  of  the  pulverized  marl  are  thoroughly  in- 
corporated. This  is  then  properly  dried,  and  burned  in  any  suitable 
kiln.  The  cement  has,  as  yet,  been  manufactured  only  experi- 
mentally. The  essential  ingredients — the  marl  and  clay — are  said 
to  exist  in  abundance  near  Kingston,  Canada.  In  tensile  and  com- 
pressive strength  this  cement  compares  favorably  with  the  Portland 
cement  of  medium  quality. 

4th  Method.  In  this  the  carbonate  of  lime  is  burned  and  slaked 
before  the  clay  is  added,  and  the  proportions  are  correspondingly 
varied  by  making  the  proper  allowance  for  the  loss  of  weight  at  this 
first  burning.     In  the  incorporation  of  the  ingredients  and  the  prepa- 
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ration  of  the  mixture  for  the  kiln,  either  the  dry  or  the  wet  process 
may  be  followed.  In  the  final  burning,  however,  the  heat  need  not 
be  continued  so  long  as  has  been  found  necessary  in  the  first,  second, 
and  third  methods,  inasmuch  as  the  carbonate  of  lime  has  previously 
been  reduced  to  quicklime  at  the  first  burning. 

The  celebrated  Vicat  cement,  exhibited  by  an  importer,  and,  there- 
fore, not  deemed  entitled  to  an  award,  is  produced  by  this  method  in 
France.  The  Vicat  cement  is  usually  superior  in  quality  to  the  aver- 
age Portland  cements  manufactured  from  carbonate  of  lime  and  clay 
(although  the  sample  on  exhibition  did  not  attain  to  that  standard), 
and  commands  a  correspondingly  higher  price  in  all  markets  where 
it  is  known. 

ToEPFFER,  Grawitz,  &  Co.,  StetHti,  Germany. 

The  Portland  cement  exhibited  by  this  firm  is  also  made  from  an 
artificial  mixture  of  lime  and  clay,  and  justifies  by  its  excellence  the 
opinion  heretofore  expressed,  that  this  method  of  obtaining  cement, 
if  properly  followed,  will  generally  produce  an  article  superior  to  that 
made  with  carbonate  of  lime  and  clay.  The  Stettin  cement  is  burnt 
in  large,  periodical,  upright  kilns,  with  coal  or  coke.  The  establish- 
ment operates  14  of  these  kilns,  employs  600  men,  and  annually  pro- 
duces from  130,000  to  200,000  barrels  of  cement,  of  440  pounds,  gross 
weight. 

BoRST  &  RoGGENKAMP,  Delfzijl,  Netherlands. 

This  firm  exhibited  a  Portland  cement  of  good  medium  quality*, 
but  no  particulars  with  regard  to  the  materials  and  process  employ^ 
in  its  manufacture  were  supplied.  The  works  were  started  in  1870, 
employ  1 5  workmen,  grind  with  a  20  horse-power  engine,  and  produce 
about  5000  gross  tons  annually.  One-fifth  of  the  entire  production 
is  exported. 

C.  Schmidt,  Riga,  Russia. 

Russia  was  represented  by  the  Portland  and  Roman  cement  of  Mr. 
C.  Schmidt.  Both  articles  were  creditable  to  the  manufacturer.  No 
detailed  information  concerning  the  process  of  manufacture  could  be 
procured.  The  yearly  production  of  both  kinds  amounts  to  60,000 
barrels,  for  which  about  $300,000  is  realized  in  the  market. 

Bruno  Hofmark,  Port-Kund,  Russia, 

Some  Portland  cement  labeled  Bruno  Hofmark,  Port-Ktind^  Estiand, 
Russia,  was  also  received  and  tested,  and  some  cement  tiles,  similarly 
marked,  were  found  to  be  very  hard,  strong,  and  well  moulded.     No 
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information  with  respect  to  the  magnitude  of  the  works,  or  the  raw 
materials  used,  or  the  process  followed  in  the  manufacture,  could  be 
procured. 

SOCIETA   AnONIMA    PER    LA    FaBBRICAZZIONE    DEL    CeMENTO,    RegglO- 

Emilia, 

From  Italy  two  hydraulic  cements  and  some  cement  tiles  were 
exhibited  by  the  Societa  anonima  per  la  fabbricazzione  del  cemento,  etc., 
Provincia  di  Reggio-Emilia.  Botb  articles  possess  merit,  and  are 
creditable  to  the  manufacturer.  The  cements  rank  as  light  cements, 
of  fair  quality. 

« 

SociETE  Anonyme  des   Chaux  Eminemment  Hydrauliques,  near 

Montilimar, 

From  France  some  cement  tiles,  and  a  cement  catalogued  as  Port- 
land cement,  were  exhibited  by  the  Societe  anonyme  des  chaux  eminem- 
ment hydrauliques  de  L Homme  d^Armes,  pres  Montelimar,  but  no 
information  in  detail  concerning  the  process  of  manufacture  could  be 
obtained.  The  tiles  are  very  hard,  indicating  excellence  in  the 
cementing  material  of  whfch  they  are  composed. 

THE   LIGHT,   QUICK-SETTING  NATURAL  CEMENTS. 

In  the  foregoing  description  some  of  the  natural,  quick-setting 
cements,  known  as  Roman  cements,  have  been  mentioned,  because 
it  was  deemed  best  not  to  separate  them  from  the  Portland  cement 
catalogued  under  the  same  number  and  exhibitor. 

The  natural  cements  usually  take  the  name  of  the  place  of  manu- 
facture. They  are  produced  by  burning  at  a  heat  just  sufficient  in 
intensity  and  duration  to  expel  the  carbonic  acid  certain  argillaceous 
or  silicious  limestones,  containing  less  than  yy  per  cent,  of  car- 
bonate of  lime,  or  argillo-magnesian  limestone  containing  less  than 
yj  per  cent,  of  both  carbonates,  and  then  grinding  the  product  to 
a  fine  powder  between  millstones.  They  can  be  and  in  France  and 
England  formerly  were  produced  artificially  by  burning  a  mixture  of 
lime  or  carbonate  of  lime  and  clay,  prior  to  the  discovery  of  the 
process  of  making  Portland  cement  by  slightly  varying  the  propor- 
tions of  the  ingredients  and  burning  the  mixture  at  a  high  heat.  The 
superior  qualities  of  the  latter,  producing,  as  it  does,  a  mortar  pos- 
sessing about  four  times  the  strength,  at  much  less  than  twice  the 
cost  of  the  light,  quick-setting  artificial  cements,  gradually  drove 
them  from  the  market,  and  their  manufacture  soon  ceased,  and  has 
never  been  resumed. 

IX 
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It  IS  not  expected,  however,  that  the  use  of  these  natural  cements 
will  be  superseded  by  that  of  the  Portland.  For  certain  purposes 
they  are  as  necessary,  not  to  say  indispensable,  at  the  present  day,  as 
they  were  when  their  introduction  revolutionized  the  former  methods 
of  executing  submarine  constructions  in  masonry,  by  taking  the 
place  of  the  feebly  hydraulic  mixtures  made  from  hydraulic  lime, 
trass,  or  natural  or  artificial  pozzuolana.  They  possess  sufficient 
strength  for  the  purposes  to  which  they  are  usually  applied,  viz. :  for 
massive  concrete  foundations,  for  the  concrete  hearting  and  backing 
of  thick  walls  faced  with  brick  or  ashlar,  and  as  the  means  of  confer- 
ring the  hydraulic  energy  upon  mortar  for  ordinary  stone  and  brick 
masonry.  At  the  same  time  it  must  be  admitted  that  for  similar 
purposes  good  Portland  cement,  suitably  diluted  with  common  lime 
in  order  to  reduce  it  to  the  strength  of  the  quick-setting  natural 
cements,  is,  in  most  localities,  the  least  costly  of  the  two. 

For  concrete  foundations  laid  green  in  water,  these  quick  cements 
are  almost  invariably  to  be  preferred  in  the  hands  of  ordinary  work- 
men to  those  which  set  more  slowly,  for  the  obvious  reason  that  most 
of  them  not  only  hold  the  sand  by  their  unctuous  and  adhesive  pro- 
perties more  tenaciously  than  the  Portland  cement,  but  their  prompt 
induration  arrests  the  washing  ejflfects  of  the  water,  and  prevents  the 
progressive  separation  of  the  sand  and  cement  before  it  has  had  time 
to  proceed  far  enough  to  produce  serious  injury  to  the  concrete. 

Most  of  these  cements  can  be  suitably  burned  in  any  kiln  and  by 
any  method  that  will  answer  for  common  lime,  although  some  of 
them  require  a  higher  degree  and  a  longer  application  of  heat  than 
will  usually  suffice  for  the  pure,  or  nearly  pure,  carbonates. 

This  type  of  hydraulic  cement  made  a  meagre  display  at  the 
Exhibition,  and  some  of  the  best  known  and  most  valuable  brands — 
foreign  and  domestic — were  not  represented  at  all.  It  is  somewhat 
remarkable  also  that,  with  one  or  two  exceptions,  no  statistical  infor- 
mation was  submitted,  so  that  this  report  has  to  be  prepared  in  great 
measure  from  data  previously  in  the  possession  of  the  writer. 

The  Cumberland  Hydraulic  Cement  and  Manufacturing  Co., 

Cumberland,  Md, 

This  company  exhibited,  by  their  agent,  Mr.  S.  M,  Hamilton,  of 
Baltimore,  Md.,  a  barrel  of  their  t:ement  made  from  an  argillo-mag- 
nesian  limestone,  quarried  near  Cumberland  City,  on  Will's  Creek, 
not  far  from  its  confluence  with  the  Potomac  River.  The  stone  is 
burnt  in  upright  continuous  kilns,  in  layers  alternating  with  layers  of 
coal.     It  is  an  excellent  natural  cement  of  the  light,  active  type,  and 
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may  be  made  either  quick-  or  slow-setting  at  pleasure,  by  mixing 
together  in  suitable  proportions  the  products  of  the  different  strata 
of  the  quarry. 

The  establishment  contains  6  upright  continuous  kilns,  and  the  fuel 
used  for  burning  is  the  semi-bituminous  coal  of  Alleghany  County, 
Maryland.  Four  pairs  of  French  burr-stones  do  the  grinding.  Pro- 
vision is  made  for  2  additional  pairs.  A  steam-engine  furnishes 
ample  power  for  the  6  sets  of  stones.  A  yearly  producing  capacity 
of  400,000  barrels  of  300  pounds  each  is  claimed  for  the  works.  The 
greatest  production  in  any  one  year  was  150,000  barrels.  The  works 
give  employment  to  from  25  to  30  men. 

Charles  Tremain,  Ma?ilius,  Onondaga  Co.^  N,  Y. 

A  light,  quick-setting  cement,  possessing  great  merit,  manufactured 
in  the  township  of  Manlius,  from  the  tentaculate  or  water  limestone 
which  overlies  the  Onondaga  salt  group,  also  some  articles  moulded 
from  a  mixture  of  cement  and  sand,  consisting  of  blocks  of  artificial 
stone,  pieces  of  flagging,  and  ornamented  architectural  building-blocks 
in  different  colors,  with  leaves,  fruit,  and  flowers  in  alto-relievo.  The 
articles  are  well  moulded,  hard,  and  tough,  giving  evidence  of  the 
good  quality  of  the  cementing  ingredient  employed. 

Some  calcined  gypsum  for  fertilizing  purposes  was  exhibited  by  Mr. 
Tremain.  This  belongs  lo  another  group  of  exhibits,  and  is  men- 
tioned here  simply  because  the  two  industries  are  carried  on  in  one 
establishment  and  under  one  organization.  It  contains  13  kilns  and 
4  sets  of  4^  feet  millstones.  The  cement-works  produced  in  1874 
50,000  barrels,  and  in  1875  48,000  barrels.  They  give  employment, 
when  running  full,  to  70  men,  while  the  plaster-works  require  from 
20  to  50  men,  according  to  the  demand  and  production.  The  plaster 
interest  of  this  establishment  is  one  of  the  largest  in  the  United 

States. 

The  Allen  Cement  Co.,  Siegfrieds  Bridge,  Pa, 

A  light,  quick-setting  cement  made  from  the  argillo-magnesian 
limestone  of  that  neighborhood.  The  cement  is  of  good  quality, 
and  is  an  excellent  representative  of  its  type.  It  gave  good  results 
when  tested,  and  from  the  trestimony  of  those  who  have  used  it  in 
important  constructions,  no  doubt  can  be  entertained  of  its  practical 
value.  The  works  contain  2  kilns  and  2  sets  of  millstones,  and 
have  a  productive  capacity  of  24,000  barrels.  Their  average  yearly 
production  since  they  were  started  in  January,  1872,  has  been  between 
15,000  and  16,000  barrels.  From  16  to  18  men  are  employed  con- 
stantly.    The  mill  is  arranged  for  2  additional  sets  of  stones. 
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The  Howe's  Cave  Association,  Howe's  Cave,  N.  Y. 

Three  brands  of  natural  quick-setting  cement,  made  from  different 
strata  of  a  ledge  of  argiilo-magnesian  limestone  existing  in  that 
locality.  The  cement  taken  from  one  of  the  barrels  is  of  good  stand- 
ard quality  as  a  natural  cement;  that  from  the  others  of  fair  medium 
quality,  well  suited  for  ordinary  building  purposes  requiring  the  use 
of  hydraulic  cement,  but  unable  to  stand  so  large  a  dose  of  sand  as 
the  one  first  named.  A  stratum  of  stone,  contiguous  to  those  which 
furnish  the  cement,  yields  a  hydraulic  lime,  said  to  answer  very  well 
for  making  Scott's  Selenitic  mortar.  It  is  not  equal,  however,  for  this 
purpose  to  the  Burham,  the  Blue  Lias,  and  the  Barrow  limes  of 
Great  Britain. 

The  works  contain  4  cement-kilns  and  i  of  McCuUoch's  patent 

lime-kilns,  and  2  run  of  stone.     Their  yearly  productive  capacity''  is 

100,000  barrels.     The  largest   annual   production  has  been  35,000 

barrels.     The  business  was  started  in  1870,  and  gives  employment  to 

22  men. 

P.  Gauvreau,  Quebec,  Canada, 

A  natural  quick  cement,  which  is  excellent  of  its  kind.  Of  this 
cement  Sir  William  Logan,  in  his  geological  report,  says,  "The 
stone  contains  a  large  proportion  of  clay.  A  specimen  of  the  cal- 
cined and  ground  stone  prepared  for  use  by  Mr.  Gauvreau,  of 
Quebec,  gave  11.60  of  water  and  carbonic  acid,  and  the  residue  con- 
sisted of  lime,  52.49;  magnesia,  traces;  silica,  27.40;  alumina  and 
oxide  of  iron,  12.16;  sulphate  of  lime,  7.95^100.  The  proportion 
of  sulphate  of  lime  is  remarkable.  It  became  in  less  than  twenty-five 
minutes  solid,  after  mixing  with  water." 

A  more  detailed  analysis  by  F.  Able,  chemist  of  the  English  War 
Department,  gave  results  not  differing  materially  from  the  foregoing. 
The  analyses  would  seem  to  indicate  that  the  cement  would  be  im- 
proved in  quality  by  burning  it  at  a  high  heat,  provided  the  stone  is 
a  homogeneous  and  intimate  mixture  of  the  ingredients. 

The  works  contain  2  upright  kilns,  elliptical  in  horizontal  section, 
burnt  intermittently  with  wood  fuel,  and  2  sets  of  Excelsior  mill- 
stones, each  capable  of  grinding  75  to  80  barrels  of  cement  in  10 
hours.  They  are  driven  by  steam-power.  The  largest  yearly  pro- 
duction has  been  9000  barrels,  and  the  average  reaches  7000  barrels. 
The  works  employ  from  15  to  18  workmen. 

Thomas  Gowdy,  Limehause,  Ontario,  Canada, 
A  natural  cement,  suitable  for  the  purposes  to  which  quick-setting 
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cements  are  commonly  applied,  but  requiring  to  be  used  with  a  some- 
what smaller  proportion  of  sand  than  some  others  in  order  to  produce 
a  mortar  of  superior  quality. 

The  works  contain  7  kilns,  using  pine-wood  for  burning,  and  one 
set  of  millstones,  capable  of  grinding  65  barrels  per  day.  The  estab- 
lishment produces  yearly  5000  to  6000  barrels  of  cement,  150,000 
bushels  of  common  lime,  and  1,000,000  feet  of  lumber,  besides  a 
quantity  of  lath  and  shingles. 

Before  awards  were  recommended  for  any  of  the  hydraulic  cements 
on  competitive  exhibition,  samples  were  taken  and  carefully  tested, 
under  the  direction  of  the  writer,  by  Mr.  James  Cocroft,  principal 
overseer  of  the  fortifications  on  Staten  Island,  New  York.  Before 
testing,  the  samples  were  entered  in  a  book  with  the  names  of  the 
exhibitors,  and  also  with  numbers,  and  the  numbers  only  were  fur- 
nished to  Mr.  Cocroft  with  the  specimens  to  be  tried.  He,  therefore, 
had  no  knowledge  of  the  locality  or  the  establishment  from  which 
any  particular  cement  was  derived. 

The  directions  were  to  mix  the  dry  cement  with  an  equal  measure 
of  clean  sand,  temper  the  mixture  with  water  to  the  consistency  of 
stiff  mason's-mortar,  and  mould  it  into  briquettes  of  suitable  form 
for  giving  the  tensile  strength  on  a  sectional  area  of  1  )4  inches  by 
l}^  inches,  equal  to  2j^  square  inches.  These  briquettes  were  left 
in  the  open  air  one  day,  then  immersed  in  water  for  six  days,  and 
tested  when  seven  days  old.  After  obtaining  the  tensile  strength  in 
each  case,  the  ends  of  the  broken  specimens  were  ground  down  to 
one-and-a-half-inch  cubes,  which  were  used  the  same  day  for  obtain- 
ing the  compressive  strength  by  crushing.  The  results  obtained  by 
crushing,  being  regarded  as  the  truest  indications  of  relative  value, 
were  relied  upon  in  recommending  awards.  Both  the  tensile  and 
crushing  strength  per  sq.  in.  are  given  in  the  following  table,  obtained 
respectively  by  dividing  the  tensile  strength  of  the  briquettes  and  the 
crushing  strength  of  the  cubes  by  2]^. 

The  table  also  includes  some  English  Parian  cements  tested  in  the 
same  manner  and  with  the  same  proportions  of  sand  as  the  hydraulic 
cements,  with  the  exception  that  the  specimens  were  not  immersed 
in  water,  but  were  kept  seven  days  in  the  open  air  and  then  tested. 

The  manner  of  producing  the  Selenitic  mortar  introduced  into  the 
table  is  given  elsewhere. 

.  In  further  explanation  of  the  table  it  may  be  well  to  state  that 
although  it  shows,  beyond  question,  under  the  conditions  named,  the 
absolute  crushing  and  tensile  strength  of  the  several  mortars  at  the 
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age  of  seven  days,  and  hence  with  a  close  approximation  to  accuracy 
the  relative  values  for  building  purposes  of  all  the  specimens  of  cement 
exhibited,  it  may  not  correctly  indicate  the  relative  merits  of  the  cus- 
tomary [Sroductions  of  the  manufactories  represented.  Some  of  them 
may  have  used  especial  care  in  preparing  the  articles  exhibited,  while 
others  may  have  sent  average  samples  from  the  stock  on  hand. 

The  quality  of  the  well-known  English  Portland  cement  is  feirly 
represented  in  the  table,  while  that  of  Lonquety  &  Co.,  of  Boulogne, 
is  not ;  for  they  have  on  more  than  one  occasion  sent  to  the  American 
market  by  the  cargo  a  better  article  than  the  sample  exhibited. 

The  Scanian  cement,  from  Sweden,  was  exposed  to  the  air  three 
months  in  a  loose  pile  on  the  floor  before  it  was  tested,  and  it  may 
have  been  injured  thereby.  The  results  obtained  with  it  were  con- 
siderably lower  than  those  previously  reported  by  a  Swedish  engineer. 

The  deductions  to  be  drawn  from  the  table  may  be  objected  to  on 
the  ground  that  a  sufficient  time  for  the  several  cements  to  arrange 
themselves  in  their  order  of  merit  was  not  allowed  between  the  time 
of  mixing  and  the  time  of  testing  the  mortars.  There  is  some  force 
in  such  a  criticism,  although  very  little,  and  not  enough  to  impair  the 
general  accuracy  of  the  table,  or  to  justify  any  doubts  of  the  correct- 
ness of  the  recommendations  for  awards.  The  experience  of  the 
writer  has  convinced  him  that  all  possible  mixtures  of  Portland  or 
of  natural  quick-setting  cements,  with  or  without  sand,  with  much  or 
little  water,  if  arranged  in  the  order  of  their  crushing  strength  at  any 
time  after  they  are  six  to  seven  days  old,  will,  as  a  rule,  remain  in 
that  order  throughout  all  subsequent  induration.  The  exceptions 
would  apply  only  to  cements  differing  very  little  from  each  other  in 
strength  when  about  a  week  old. 

TENSILE    AND    CRUSHING    STRENGTH    OF    PORTLAND,  ROMAN,  AND 

OTHER  CEMENTS. 

The  tensile  strength  was  obtained  on  a  sectional  area  of  2  J^  square 
inches  {i]4  in.  by  lyi  in.),  and  the  crushing  strength  with  i}i  inch 
cubes.  The  materials  were  moulded  in  the  plastic  state  like  stiff* 
mortar,  and  tested  when  seven  days  old.  The  hydraulic  cement 
specimens  were  kept  in  water  the  last  six  days.  The  Parian  and 
Selenitic  cements  were  not  put  into  water. 
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RIND   OF   CEMENTS. 


PORTLAND  CSMBNTS. 

Toq;>ffer,  Grawitz,  &  Co.,  Stettin,  Gennany..... 
HoUick  &  Co.,  Loodoa,  England 

Wouldham  Cement  Co.,  London,  England 

Savior's  Portland  Cement,  by  Coplay  Cement 
Cfo.,  Coplay,  near  AUentown,  Pa.,  United 
States 

Wampum  Cement  &  Lime  Co.,  New  Castle, 
Lawrence  Co.,  Pa^  United  States 

Pavin  de  Lafai^,  Teil,  canton  of  Vivien,  de- 
partment of  Ardeche,  France 

A.  H.  Lavers,  London,  England 

Francis  &  Co.,  London,  England 

Wm.  McKay,  OtUwa,  Canada 

Borst  &  Roggenkamp,  Delfie^l,  Netherlands..... 

Lonquity  &  Co.,  Boulogne^ur-Mer,  France 

Ri^  Cement  Co.  (by  C.  Schmidt,  Riga),  Rus- 
sia  

Scanian  Cement  Co.,  Lomma,  near  Malmo, 
Sweden^ 

Bruno  Hofmark,  PortpKund,  Esthland,  Russia.. 


ROMAN  AND  OTHSR  CBMBNTS. 

Coplay  Hydraulic  Cement,  by  Coplay  Cement 
Co.,  Coplay,  near  AUentown,  Pa.,  United 
States 

Charles  Tremain,  Manlius,  New  York,  United 
States 

Allen  Cement  Co.,  Siegfried*s  Bridge,  Pa., 
United  States. 

P.  Gauvreau,  Quebec,  Canada 

Riga  Cement  Co.  (by  C.  Schmidt,  Riga),  Rus- 
sia  

Anchor  Cement,  by  Coplay  Cement  Co.,  Coplay, 
near  AUentown,  Pa..  United  States 

Cumberland  Hydraulic  Cement  Co.,  Cumber- 
land, Md.,  United  Sutes. 

Soci^t^  anonyme  des  chaux  emincmment  hy- 
drauliques  de  L'Homme  d'Armes,  pres  Mon- 
t^limar,  France... 

Howe's  Cave  Association,  Howe's  Cave,  New 
York,  United  Stateii,  No.  x 

Howe's  Cave  Association,  Howe's  Cave,  New 
York,  United  States,  No.  2 

Howe's  Cave  Association,  Howe's  Cave,  New 
York,  United  States,  No.  3 

Society  anonima  per  la  fabbricazzione  del  ce- 
mento,  provincia  di  Reggio-Emilia,  Italy, 
No.  I.. 

Societjk  anonima  per  la  fabbricazzione  del  ce- 
mento,  provincia  di  Reggio-Emilia,  Italy, 
No.  3 ; « 

Thomas  Gowdy,  Limehouse,  Ontario,  Canada... 
A.  H.  Laveis,  London,  Enfl^nd 
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KIND  OF  CEMENTS. 


PARIAN  CBMBNTS. 

Francis  &  Co.,  London,  England,  No.  i. 
Francis  &  Co.,  London,  England,  No.  a. 
A.  H.  Lavers,  London,  England 


SCOTT'S  SBLBNITIC  CBMBNT. 

f 

Patent  Selenitic  Cement  Co.,  London,  Eng- 
land  

[The  ccmcni  was  composed  of  90  parts  of 
Howe's  Cave  hydraulic  lime  and  i  part  of 
calcined  gypsum.] 
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THE  INDURATION  OF  HYDRAULIC   MORTARS. 

When  certain  argillaceous  limestones  of  homogeneous  texture  and 
composition,  containing  from  12  to  20  per  cent,  of  clay,  are  burned 
with  an  intensity  and  duration  of  heat  a  little  greater  than  that  neces- 
sary to  expel  the  carbonic  acid,  all  the  silica  and  alumina  of  the  clay 
enter  into  combination  with  a  portion  of  the  lime  (CaO),  forming  both 
the  silicate  of  lime  (SiOj.3CaO)  and  the  aluminate  of  lime  (A1,0,. 
3CaO).  There  remains  in  the  burnt  product  an  excess  of  the  caustic 
or  quicklime,  which  slakes  in  the  presence  of  water,  reducing  the 
whole  mass  to  a  powder.  In  slaking,  the  quicklime  is  converted 
into  hydrate  of  lime  (CaO.HO). 

When  this  variety  of  hydraulic  lime  is  mixed  into  a  paste  with 
water,  the  anhydrous  silicate  and  aluminate  of  lime  form  respectively 
hydro-silicates  and  hydro-aluminates  of  lime,  by  combining  with  a 
certain  number  of  equivalents  of  water,  and  they  subsequently  undergo 
a  species  of  crystallization  technically  termed  setting,  which  constitutes 
the  hydraulic  property,  and  which  will  go  on  in  damp  places  or  under 
water. 

When  alumina  is  present  in  but  small  quantities,  as  in  the  case  of 
the  hydraulic  lime  of  Teil,  the  hydraulic  property  is  due  mainly  to 
the  crystallizing  energy  of  the  anhydrous  silicate  of  lime. 

When  certain  argillaceous  limestones,  containing  from  20  to  23  per 
cent,  of  clay  in  which  the  silica  suitably  predominates,  are  burned  at 
a  high,  long-continued  heat,  they  may  be  expected  to  yield  Portland 
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cement  All,  or  nearly  all,  the  silica  and  alumina  and  lime  enter  into 
combination  with  one  another,  producing  the  silicate  of  lime  as  before, 
and  also  the  double  silicate  of  alumina  and  lime  (Si03(AI,03.CaO),), 
leaving  not  enough  caustic  or  free  lime  in  the  product  to  produce 
slaking  to  powder  in  the  presence  of  water,  and  leaving  also  very- 
little  if  any  inert  silica  and  alumina  to  adulterate  the  cement  and 
impair  its  hydraulic  energy.  The  superior  quality  of  Portland  cement 
appears  to  be  due  in  part  to  this  equilibrium  existing  between  the 
constituent  ingredients  of  the  raw  material,  and  in  part  to  the  pres- 
ence of  the  double  silicate  of  alumina  and  lime,  which  is  produced 
only  at  a  high  heat,  and  which  requires  a  less  number  of  equivalents 
of  water  for  its  hydration  than  the  compounds  formed  at  a  low  heat. 

When  the  stone  contains  more  than  23  per  cent,  of  clay  it  cannot 
usually  be  burned  at  the  high  heat  required  to  produce  Portland  cement 
without  greatly  impairing  the  hydraulic  energy  of  the  product,  as 
portions  of  it  become  converted  into  inert  slag.  Even  if  it  could 
withstand  the  requisite  degree  of  heat,  the  cement  would  be  weakened 
by  the  presence  of  uncombined  clay,  inasmuch  as  that  constituent 
is  supposed  to  be  present  in  excess  of  the  required  amount  of  20  to 
23  per  cent,  necessary  for  the  conversion  of  all  the  lime  into  the 
elements  of  hydraulic  energy.  Argillaceous  limestones  of  this  char- 
acter do  not,  therefore,  yield  Portland  cement.  When  burnt  at  a  low 
heat  they  produce  what  are  known  as  Roman  cements,  which  are 
generally  light  in  weight,  quick-setting,  and  possess  only  from  one- 
fourth  to  one-fifth  the  strength  of  the  genuine  Portland  cements. 

In  burning  argillo-magnesian  limestones  like  those  from  which 
most  of  the  natural  American  cements  are  made,  both  silicate  and 
aluminate  of  magnesia  (Si03.3MgO  and  AljOg-MgO)  are  formed,  as 
well  as  the  silicate  and  aluminate  of  lime.  These  magnesian  com- 
pounds become  hydrated  in  the  presence  of  water,  and  are  pronounced 
by  both  Vicat  and  Chatoney  to  furnish  gangs  which  resist  the  dis- 
solving action  of  sea-water  better  than  the  silicate  and  aluminate  of 
lime.  They  are  mostly  light  in  weight,  and  quick- setting  cements, 
and  are  not  improved  by  burning  at  a  high  heat.  The  magnesian 
limestones,  therefore,  are  not  capable  of  yielding  Portland  cement. 

All  the  several  types  of  hydraulic  cement  above  mentioned,  in- 
cluding hydraulic  lime,  which  ordinarily  stands  lowest  in  energy,  can 
of  course  be  made  by  burning  an  artificial  mixture  of  the  requisite 
ingredients;  but  the  argillaceous  or  argillo-magnesian  deposits  are 
so  numerous,  and  so  generally  distributed  over  the  face  of  the  earth, 
that  the  artificial  process  for  commercial  purposes  is  rarely  resorted 
to  except  for  the  production  of  Portland  cement. 
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Several  specimens  of  Selenitic  mortar,  plastering,  and  concrete  were 
exhibited  by  the  Patent  Selenitic  Cement  Company  (limited),  of 
London,  England.  They  were  hard,  dense,  and  strong,  but  their  exact 
composition  and  age  were  not  given. 

The  merits  of  the  Selenitic  process  consist  in  the  use  of  unslaked 
lime  (which  should  be  one  of  the  hydraulic  varieties)  in  such  a  manner, 
in  combination  with  calcined  gypsum,  that  the  slaking  of  the  lime  is 
prevented.  With  suitable  limes,  like  the  Burham  and  the  Blue  Lias 
and  the  Barrow  Lias  limes  of  Great  Britain,  the  addition  of  5  to  7 
per  cent,  of  the  gypsum  will  suffice. 

The  prepared  Selenitic  lime  sold  in  the  English  markets  in  bags  is 
simply  lime  of  a  suitable  kind,  to  which  about  4  per  cent,  of  calcined 
gypsum  has  been  added,  both  having  been  intimately  mixed  and 
ground  together,  and  then  sifted  through  a  sieve  of  30  fine  wires  to 
the  inch  both  ways.  At  the  time  of  using  it  an  additional  pint  of  the 
plaster  to  a  bushel  of  the  prepared  lime  is  mixed  in  the  water,  making 
in  all  a  little  over  5  per  cent,  of  the  plaster.  One  bushel  of  prepared 
Selenitic  lime  requires  about  6  gallons  of  water. 

The  mortar  may  be  made  after  the  following  formulae,  from  prepared 
Selenitic  lime  containing  4  per  cent,  of  plaster : 

I. — In  a  mortar-mill  with  a  five-feet  pan.  Throw  into  the  pan  of 
the  edge-runner  about  6  gallons  of  water,  with  the  first  gallon  of 
which  I  pint  of  finely-ground  plaster  of  Paris  has  been  well  mixed, 
and  gradually  introduce  a  bushel  of  the  prepared  Selenitic  lime,  keep- 
ing up  the  grinding  until  the  whole  is  reduced  to  a  creamy  paste. 
The  sand  is  then  to  be  added,  and  the  whole  to  be  ground  together 
for  ten  minutes  more. 

2. — In  a  plasterer's  tub.  When  a  mortar-mill  cannot  be  had,  an 
ordinary  plasterer's  tub  or  trough,  with  an  outlet  or  sluice,  may  be 
substituted.  Into  this  tub  pour  a  gallon  of  water,  to  which  a  pint  of 
the  plaster  has  been  added,  then  pour  the  rest  of  the  water  into  the 
tub,  and  mix  well ;  next  gradually  introduce  a  bushel  of  the  prepared 
Selenitic  lime,  which  must  be  thoroughly  mixed  with  the  water  in  the 
tub.  The  mixture  is  then  taken  from  the  tub,  or  run  out  by  means 
of  the  sluice,  and  mixed  with  sand  in  the  following  proportions: 

For  brick-work  and  first  coat  of  plaster, — 

(No  hair  required.) 
2  pails  (6  gallons)  of  water ; 
I  pint  measure  of  plaster ; 
I  bushel  of  prepared  Selenitic  lime ; 
6  bushels  of  clean  sharp  sand. 
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For  outside  plastering  use  4  bushels  of  sand  instead  of  6,  and  for 
finishing  rough  stucco-face  use  2  or  3  bushels  of  fine  washed  sand 
instead  of  6.  For  first  coat  for  lath-work  use  only  3  bushels  of  clean 
sharp  sand  instead  of  6,  and  add  i  hod  of  well-haired  lime  putty. 

For  concrete  use  i  bushel  of  sharp  sand  to  the  bushel  of  Selenitic 
lime  instead  of  6,  and  6  to  8  bushels  of  the  ballast.  The  addition  of 
one-sixth  bushel  of  best  Portland  cement  is  also  recommended  to 
improve  the  setting. 

The  prepared  Selenitic  lime  must  be  kept  perfectly  dry  until  made 
into  mortar  for  use. 

It  is  of  the  utmost  importance  that  the  mode  here  indicated  of  pre- 
paring the  mortar,  concrete,  etc.,  should  be  observed,  viz.,  by  first 
well  stirring  the  plaster  in  the  water,  and  then  the  lime  into  the  well- 
» mixed  milk  of  plaster  and  water;  otherwise  the  cement  will  slake  and 
spoil. 

Selenitic  lime  or  mortar  should  not  be  used  in  conjunction  with 
gauged  stuff  for  cornices,  screeds,  etc. 

The  sand,  ballast,  or  other  ingredients,  should  always  be  clean  and 
free  from  loam.  When  the  sand  is  very  dry,  more  water  than  the 
quantity  above  specified  will  be  required. 

No  more  mortar  should  be  gauged  than  can  be  used  in  tlie  same 
day. 

,  If  it  should  ever  happen  that  the  mortar  gets  heated  and  sets  very 
rapidly,  add  a  small  quantity  of  plaster — not  exceeding  half  a  pint  of 
plaster  to  a  bushel  of  lime — in  gauging,  or  make  up  in  smaller 
quantity  at  a  time. 

Finely-ground  burnt  clay  (ballast),  or  cinders,  or  stone  chippings, 
as  a  substitute  for  sand,  in  whole  or  in  part,  can  be  used  with  great 
advantage  in  every  description  of  work. 

When  the  prepared  Selenitic  lime  contains  the  whole  of  the  required 
amount  of  plaster,  of  course  none  is  to  be  added  at  the  time  of  using 
it.  When  no  plaster  has  been  previously  mixed  with  the  ground  lime, 
the  process  of  preparing  the  mortar  is  the  same, — ^that  is,  i  bushel 
of  the  plain  lime  is  mixed  into  6  gallons  of  water  containing  the 
entire  dose  (5  to  6  per  cent.)  of  plaster,  and  the  sand  is  then  added. 

The  best  limes  for  the  Selenitic  process  are  the  hydraulic  argilla- 
ceous limes,  containing  from  14  to  20  per  cent  of  clay  in  which  the 
silica  predominates.  From  5  to  7  per  cent,  of  plaster  will  com- 
pletely arrest  the  slaking  action  of  such  limes. 

The  Selenitic  mortars  prepared  and  tested,  of  which  a  record  is 
given  in  the  same  table  with  the  cements,  contained  equal  parts — ^by 
measure — of  Selenitic  lime  and  sand.     They  were  made  under  the 
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personal  directions  of  Mr.  John  H.  Sturgis,  of  Boston,  Massachusetts, 
the  agent  of  the  London  company,  with  hydraulic  lime  manufactured 
specially  for  the  purpose  at  Howe's  Cave,  New  York,  rendered  Sele- 
nitic with  5  per  cent  of  plaster  of  Paris,  introduced  at  the  time  of 
mixing  the  specimens. 

In  making  the  mortar  I  measure  of  plaster  of  Paris  was  intimately 
mixed  with  2  measures  of  water,  then  i  more  measure  of  water  was 
added  and  mixed.  Into  this  a  mixture  of  the  dry  lime  and  sand, 
containing  20  measures  of  the  lime  and  20  of  sand,  was  thoroughly 
stirred  and  more  water  added  to  form  a  stiff  paste.  The  mortar  was 
then  moulded  into  briquettes  and  tested  when  seven  days  old.  They 
were  not  immersed  in  water  at  all.  The  crushing  strength  of  I  ^-inch 
cubes  was  670  pounds,  as  an  average  of  twenty  trials,  or  297  pounds 
per  square  inch.  The  average  tensile  strength  from  five  trials  was 
116  pounds  on  a  section  i]4  inch  by  i^  inch,  or  52  pounds  per 
square  inch. 

Although  the  process  renders  this  lime  superior  in  strength  to 
the  best  natural  quick-setting  cements,  the  results  do  not  compare 
favorably  with  those  obtained  with  the  best  English  limes,  and  Mr. 
Sturgis  states,  in  a  written  communication,  that  he  has  not  yet  found 
any  lime  in  this  country  that  comes  quite  up  to  his  idea  of  what  is 
required  in  this  process. 

CEMENTS   NOT  EXHIBITED. 

It  is  deemed  proper  as  a  subject  of  general  interest  to  refer  briefly 
to  some  cements  not  represented  in  the  Exhibition. 

The  National  Portland  Cement  Company,  of  Kingston,  Ulster 
County,  New  York,  has  recently  been  organized  for  making  Portland 
cement  by  the  fourth  method  above  described.  The  materials  em- 
ployed are  fuller's-earth,  kaolin,  and  lime.  They  are  thoroughly 
ground  and  niixed  together  in  suitable  proportions  by  the  wet  process, 
although  much  less  water  is  used  than  in  the  English  works  or  in 
those  at  Boulogne.  The  mixture  when  completed  is  in  a  rather  stiff 
semi-liquid  state.  In  this  condition  it  is  run  out  upon  a  floor  under- 
laid with  warming-flues,  where  it  is  dried  to  the  stiffness  of  tempered 
brick-clay.  It  is  then  passed  through  a  brick-machine,  and  subse- 
quently burnt  in  common  continuous  upright  kilns  with  anthracite 
coal. 

Specimens  of  this  cement  have  been  tested  several  times  by  the 
writer  with  excellent  results.  On  the  last  occasion  the  method 
adopted  with  the  cements  in  the  Exhibition  was  strictly  followed. 
One-and-a-half-inch  cubes,  seven  days  old,  composed  of  equal  parts 
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of  dry  cement  and  sand,  gave  a  crushing  strength  of  3335  pounds 
per  cube,  as  an  average  of  twenty  trials,  being  a  little  higher  than  the 
best  Portland  cement  exhibited,  as  shown  by  the  table. 

It  is  to  be  regretted  that  the  Exhibition  did  not  contain  a  more 
numerous  display  of  the  natural  quick-setting  cements,  especially 
such  as  have  more  than  a  local  reputation. 

The  Rosendale  cement — discovered  in  1828-29,  when  constructing 
the  Delaware  and  Hudson  Canal — is  derived  from  the  tentactulate  or 
water-limestone  belonging  to  the  lower  Helderberg  group,  known  as 
Formation  VI.  of  Professor  H.  D.  Rogers's  classification  of  the  rocks 
of  Pennsylvania.  The  deposits  are  mostly  found  within  a  belt 
scarcely  one  mile  wide,  skirting  the  northern  base  of  the  Shawan- 
gunk  Mountains,  in  the  valley  of  Rondout  Creek,  Ulster  County,  New 
York. 

Sixteen  companies,  with  an  aggregate  cash  capital  exceeding  one 
and  a  quarter  million  of  dollars  and  a  yearly  productive  capacity  of 
one  million  five  hundred  thousand  (1,500,000)  barrels  (of  300  pounds), 
are  engaged  in  the  manufacture  of  this  cement.  The  greatest  pro- 
duction of  any  one  year  was  one  million  four  hundred  thousand 
(1,400,000)  barrels. 

At  Fayetteville,  New  York,  cement  has  for  many  years  been  manu- 
factured from  the  same  ledge  of  stone  which  furnished  the  Manlius 
cement  exhibited  by  Mr.  Tremain.  The  yearly  capacity  of  the  Fay- 
etteville works  is  150,000  barrels,  although  they  have  never  produced 
over  90,000  barrels  in  any  one  year.  It  is  also  manufactured  on  a 
small  scale  by  other  parties  in  that  neighborhood. 

It  is  also  produced  at  Acron,  Erie  County,  New  York. 

In  the  Western  States  the  most  extensive  works  are  located  at  and 
near  Louisville,- in  both  Kentucky  and  Indiana. 

The  manufacture  of  cement  in  this  locality  began  at  Louisville  in 
the  year  1830.  It  is  now  carried  on  upon  a  large  scale  by  a  corpora- 
tion which  unites  several  distinct  and  separate  interests  under  the 
name  of  the  Western  Cement  Company  of  Louisville,  Kentucky, 
representing  a  cash  capital  of  about  ;^6oo,ooo.  The  aggregate  pro- 
ductive capacity  of  all  the  mills  during  a  working  season  of  280  days 
is  950,000  barrels  (of  300  pounds).  The  largest  aggregate  sales  of 
any  one  year  (1873)  amounted  to  450,000  barrels,  and  the  average 
of  the  yearly  sales  from  1873  to  1875  ^both  included)  was  368,419 
barrels.  The  number  of  men  ordinarily  employed  is  about  170,  and 
when  running  full  about  400,  (Condensed  from  information  furnished 
by  Captain  A.  McKenzie,  U.  S.  Corps  of  Engineers.) 

At  Utica,  La  Salle  County,  Illinois,  natural  cement  is  manufactured 
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from  a  ledge  of  stone  about  seven  feet  thick  which  crops  out  on  the 
margin  of  the  Illinois  River.  There  are  two  establishments  engaged 
in  the  busihess,  with  an  aggregate  productive  capacity  of  300,0CX) 
barrels  per  year.  About  half  that  quantity  per  year  has  been  made 
and  sold. 

The  manufacture  of  cement  is  carried  on  about  a  mile  and  a  half 
north  of  the  city  of  Milwaukee,  Wisconsin,  by  a  company  recently 
organized.  The  works,  which  have  been  in  operation  but  a  few 
months,  are  planned  for  the  production  of  150,000  barrels  in  a 
working  season  of  200  days. 

The  James  River  Cement  Works  at  Balcony  Falls,  Rockbridge, 
Virginia,  can  produce  about  50,000  barrels  per  year. 

On  the  Potomac  River  this  same  type  of  cement  has  for  many 
years  been  made  at  Shepherdstown,  West  Virginia,  and  at  Round 
Top,  three  miles  from  Hancock,  Maryland.  The  Shepherdstown 
works  can  produce  125  barrels  and  the  Round  Top  works  nearly  350 
barrels  per  day. 

At  Kingston,  Bartow  County,  Georgia,  a  small  manufactory,  capable 
of  producing  12,000  barrels  per  year,  has  quite  recently  been  put 
into  operation. 

Near  New  Haven,  Connecticut,  two  companies  have,  within  the 
last  two  years,  commenced  making  cement. 

The  cements  above  named  have  all  been  examined  and  tested  bv 
the  writer,  many  of  them  repeatedly,  and  some  of  them  have  been 
used  for  years  upon  government  works  under  his  supervision.  Their 
relative  value  for  building  purposes  is  therefore  known,  but  as  they 
were  not  represented  in  the  Exhibition  it  is  deemed  proper  to  say 
nothing  of  their  quality  except  that  it  varies  between  rather  wide 
limits  among  the  different  brands. 

No  good  hydraulic  cement  has  yet  been  discovered  in  the  Pacific 
States,  or,  if  found,  has  not  been  manufactured  for  the  market. 

The  manufacture  of  Portland  cement  has,  within  the  last  six  months, 
been  commenced  at  Kalamazoo,  Michigan,  by  the  Eagle  Portland 
Cement  Company,  of  Chicago,  Illinois,  from  marl  containing  from  80 
to  90  per  cent,  of  carbonate  of  lime,  and  clay  found  on  the  banks 
of  the  Kalamazoo  River.  A  sample  has  been  shipped  to  the  writer 
for  trial,  but  had  not  arrived  at  the  time  of  closing  this  report, 

ARTIFICIAL   STONE. 

There  were  not  many  kinds  of  artificial  stone  exhibited,  and  none, 
it  is  believed,  that  are  new  with  respect  to  the  materials  employed  and 
the  reactions  brought  into  play  to  secure  induration  and  strength. 
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Vases,  urns,  fountains,  statuary,  tiles,  building-Wocks,  and  architec- 
tural ornamentations  assume  a  variety  of  forms  and  degrees  of  excel- 
lence, but  they  generally  have  a  common  basis, — ^a  mixture  of  sand 
or  pulverized  stone  and  hydraulic  cement, — ^and  depend  primarily  on 
the  quality  of  the  materials  employed,  though  largely  on  thorough- 
ness of  manipulation  and  skill  in  workmanship,  for  such  merit  as  they 
may  possess. 

A  large  proportion  of  the  artificial  stone  exhibited  was  hard  and 
compact  Its  durability,  when  exposed  to  the  weather,  need  not  be 
questioned,  especially  in  cases  where  the  density  and  strength  are 
satisfactory,  and  are  known  to  be  due  to  the  hydraulic  energy  of  the 
cementing  medium.         ' 

It  is  now  a  well-established  fact  that  a  mixture  of  good  hydraulic 
cement,  especially  of  Portland  or  Vicat  cement  and  clean  sand,  if  suit- 
ably proportioned  and  thoroughly  mixed  and  compacted,  will  with- 
stand, without  injury,  the  disintegrating  eflfects  of  alternations  of  heat 
and  cold  in  the  latitude  of  the  Northern  United  States  and  Canada,  if 
prepared  during  the  spring,  summer,  or  early  autumn,  so  as  to  afford 
not  less  than  six  weeks  or  two  months  for  the  unchecked  operation 
of  "  setting"  before  the  intervention  of  heavy  frosts.  Prolonged  prac- 
tice also  proves  that  a  small  proportion  of  common  lime  and  a  large 
proportion  of  good  hydraulic  lime,  of  either  the  silicious  or  argilla- 
ceous type,  may  be  added  to  the  cement  without  impairing  in  any 
serious  or  even  sensible  degree  the  durability  of  the  stone  or  its 
ability  to  resist  frost,  although  its  strength  and  hardness  will  be 
diminished  by  such  admixture.  The  hydraulic  lime  of  Teil  is  highly 
prized  for  this  purpose.  Common  lime  may  be  added  largely  when 
the  appliances  for  securing  thorough  manipulation  and  consolidation 
of  the  materials  are  entirely  suitable  and  efficacious. 

The  Union  Stone  Co.,  Boston,  Mass, 

Artificial  stone  made  by  the  process  of  the  French  chemist  Sorel. 
The  cementing  substance  is  oxychloride  of  magnesium.  It  is  pro- 
duced by  adding  a  solution  of  chloride  of  magnesium — for  which 
bittern-water,  the  usual  refuse  of  sea-side  salt-works,  is  a  suitable  sub- 
stitute— to  the  protoxide  of  magnesium  obtained  by  calcining  and 
grinding  carbonate  of  magnesia  (magnesite). 

The  articles  exhibited  were  soapstone  borders  for  furnace  registers, 
stove-pipe  insulators,  etc.  They  are  made  by  first  grinding  up  natural 
soapstone  to  a  powder,  and  then  thoroughly  mixing  it  with  a  suitable 
proportion,  say  8  to  10  per  cent,  of  the  burned  and  ground  magne- 
site.   This  mixture  is  then  moistened  with  bittern-water,  of  a  density 
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of  20°  to  30°  Baume,  thoroughly  triturated  in  some  suitable  mill,  and 
then  compacted  in  strong  moulds  of  the  required  form  by  tamping  it  in 
layers.  Sandstone,  granite,  and  marble  can  be  imitated  in  a  similar 
manner. 

Samples  of  the  artificial  soapstone  were  taken  and  reduced  to  blocks 
measuring  \\\  inches  by  i^  inches  by  2f  inches,  which  gave  an 
average  crushing  strength,  when  compressed  on  the  side,  of  10,000 
pounds,  or  2100  pounds  per  square  inch.  Several  varieties  of  this 
artificial  stone  furnished  by  the  Union  Stone  Company  were  tested  by 
the  writer  in  1870  with  somewhat  remarkable  results.  A  piece  of 
whetstone,  made  with  flour  of  emery  as  a  base,  gave,  when  two  years 
old,  a  crushing  strength  per  square  inch  of  1^,636  pounds ;  and  some 
fine  marble,  containing  15  per  cent,  by  weight  of  the  calcined  mag- 
nesite,  gave,  when  three  years  old,  a  crushing  strength  of  ii,55S 
pounds  per  square  inch.  Five  other  specimens  of  different  kinds 
varied  from  7680  pounds  to  4923  pounds  in  crushing  strength  per 
square  inch. 

The  works  of  the  company  are  largely  devoted  to  the  manufacture 
of  emery  grindstones. 

Mr.  Durrschmidt,  Lyons,  France, 

A  variety  of  artificial  emery-wheels,  small  millstones,  razor-hones, 
whetstones,  etc.,  and  some  of  the  artificial  emery  in  powder.  It  is 
made  by  burning  and  grinding  a  mineral  called  bauxite,  found  in  the 
south  of  France.  The  unburnt  mineral  contains  about  70  per  cent,  of 
alumina,  5  per  cent,  of  peroxide  of  iron,  5  per  cent,  of  silica,  and  20  per 
cent,  of  water.  The  result  of  burning  with  the  proper  intensity  and 
duration  of  heat  is  a  very  hard  material,  fit  to  replace  the  natural 
emery  of  Turkey  and  Naxos  for  some  purposes. 

The  process  by  which  the  powder  is  agglomerated  and  a  solid  body 
produced  was  not  given  by  the  exhibitor  with  any  degree  of  clearness. 
The  binding  medium,  however,  is  not  hydraulic  cement  nor  oxy- 
chloride  of  magnesium,  but  is  some  material  which,  after  being  mixed 
with  the  emery,  is  moulded  into  form  while  hot.  In  making  some  of 
the  smaller  articles,  such  as  razor-hones  and  knife-sharpeners,  the 
mixture  is  applied  to  wood  as  a  sort  of  veneer.  India-rubber  enters 
into  the  composition  of  the  cement  in  some  of  the  articles.  The  grit 
is  of  good  quality  and  the  texture  firm.  The  information  given  was 
too  meagre  to  justify  any  decided  expression  of  opinion  concerning 
its  durability.     It  appears  to  resist  abia.^ion  and  to  wear  very  well. 
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The  Fire-Proof  Building  Co.,  New  York. 

An  interesting  and  instructive  display  of  building  materials  moulded 
into  blocks  in  a  variety  of  hollow  and  solid  forms,  adapted  to  the  con- 
struction of  fire-proof  partition-walls,  floors,  ceilings,  roofs,  smoke- 
flues,  etc.  They  are  composed  of  3  volumes  of  calcined  gypsum,  2 
of  Teil  hydraulic  lime,  and  5  of  coke-dust,  and  weigh  only  60  to  61 
pounds  to  the  cubic  foot  The  material  is  a  good  non-conductor  of 
heat  and  cold,  much  better  than  common  brick  indeed,  resists  in  a 
high  degree  the  action  of  fire  or  water,  and,  although  remarkably 
light,  possesses  ample  strength  for  the  purposes  to  which  it  is  ordi- 
narily applied.  For  floors  and  partitions  the  blocks  are  made  hollow, 
with  a  thickness  of  material  around  the  perforation  varying  from  one 
to  two  inches,  according  to  the  size  and  form  of  the  block.  For  floors 
the  blocks  are  moulded  into  hollow  voussoirs,  laid  generally  on  the 
lower  flanges  of  iron  beams,  so  as  to  produce  a  horizontal  surface 
on  the  top  and  on  the  bottom,  flush  with  the  upper  and  lower  edges 
of  the  beam  respectively,  the  hollows  forming  a  series  of  tubes  parallel 
to  the  beams.  For  roofs  the  blocks  may  be  thin,  like  tiles  or  flag- 
ging, and  broad  enough  to  reach  from  rafter  to  rafter.  If  the  latter 
be  of  flanged  iron  the  flanges  may  support  the  flags.  Slating  can  be 
applied  in  the  ordinary  way,  as  the  material  is  soft  enough  to  receive 
nails. 

The  exhibitors  illustrated  the  method  of  using  their  material  hy  a 
full-sized  model  of  a  portion  of  a  house,  showing  the  top  floor,  parti- 
tion, and  exterior  walls,  and  a  mansard-roof.  The  steep  part  of  the 
roof  was  faced  inside  and  out  with  the  tiles,  while  the  flat  portion  was 
finished  with  thin  slabs  set  between  iron  rafters  and  resting  on  the 
flanges.  The  hollow  partition-blocks  were  usually  made  about  2  feet 
long  and  i  ]4  feet  high,  and  were  perforated  vertically.  They  were 
laid  up  in  horizontal  courses,  breaking  the  vertical  joints  in  such 
manner  that  the  apertures  extended  continuously  from  bottom  to 
top  of  the  partition. 

It  cannot  be  doubted  that  safety  from  conflagrations  would  be 
greatly  increased  if  the  method  of  building  here  indicated  were 
generally  followed. 

E.  P.  Albert,  New  York,  N,  Y. 

These  large  sewer-pipes,  sewer-culverts,  and  flagging-stones  were 
made  from  a  mixture  of  sand,  kaolin,  rosin,  and  lime.  The  articles 
are  hard,  possess  a  close  texture  and  sufficient  strength,  and  are  im- 
pervious to  water.    The  durability  of  the  material  for  sewers  has  not 
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yet  been  demonstrated.     A  piece  of  it  was  exposed  to  the  weather 
five  years  in  New  York  without  deterioration. 

The  sand  (150  pounds)  and  the  clay  (30  pounds)  are  first  carefully 
dried  by  artificial  heat  and  then  thoroughly  mixed  together  in  an  iron 
kettle.  The  melted  rosin  (25  pounds)  is  then  mixed  in  and  the  whole 
stirred  to  an  adhesive  paste,  after  which  i  pound  of  caustic  lime  is 
added  and  stirred  in.  .  The  material  is  poured  into  moulds  while  hot 
and  compacted  by  pressure.  The  advantage  claimed  for  it  is  its 
relative  cheapness  when  moulded  in  large  sizes. 

The  Phcenix  Stone-Manufacturing  Co.,  Philadelphia,  Pa, 

A  very  creditable  display  of  artificial  building-blocks  and  flagging- 
stones,  in  some  of  which  the  sand  was  replaced  by  furnace-slag  and  in 
others  by  marble-dust.  The  cementing  medium  was  a  mixture  of  nat- 
ural hydraulic  cement  and  common  lime.  A  circumstance  deserving 
especial  mention  in  connection  with  the  productions  of  this  company 
is  that  the  materials,  after  being  mixed  together  with  very  little  water, 
are  compacted  in  the  moulds  by  the  repeated  blows  of  a  steam- 
hammer  weighing  about  2500  pounds.  They  are  so  thoroughly 
consolidated  by  this  method  that  the  blocks  can  be  handled  at  once 
and  the  flagging-stones  ranged  upon  edge. 

The  net  cost  of  manufacturing  and  placing  on  cars  flags  15  inches 
square  and  2j^  inches  thick,  composed  of  I  measure  of  cement,  2  of 
slaked  lime,  and  5  to  6  of  pulverized  furnace-slag,  is  5  to  6  cents  per 
superficial  foot.  The  use*  of  marble-dust  increases  the  cost  of  produc- 
tion about  2  cents  per  square  foot. 

The  mould  in  which  the  stone  is  compacted  is  suspended  on  a  car 
by  trunnions  resting  in  bearings,  which  are  movable  up  and  down. 
The  car  carrying  the  mould,  the  latter  being  of  metal  and  very  strong, 
is  run  under  the  hammer,  and  the  trunnions  lowered  until  the  bottom 
of  the  mould  rests  firmly  upon  a  cast-iron  anvil.  The  mixed  material 
is  then  filled  into  the  mould,  and  the  com  pressing-die  lowered  down 
upon  it  and  disconnected  from  the  hammer.  The  steam-hammer  is 
then  set  to  work  delivering  blows  upon  the  die,  which  are  repeated 
until  the  material  is  thoroughly  compacted.  The  hammer  is  then 
hooked  on  to  the  die,  and  the  latter  is  raised  out  of  the  mould  and 
additional  material  introduced  and  compacted  by  blows  as  before. 
When  the  mould  is  full  and  the  consolidation  completed,  the  die  is 
raised  up  out  of  the  way,  and  the  trunnion-bearings  are  also  raised  by 
the  simple  movement  of  a  lever,  so  as  to  throw  the  weight  of  the 
filled  mould  upon  the  car.  The  car  is  then  run  out  and  placed  under 
another  similar  die,  by  which  the  finished  block  is  ejected  downwards. 
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The  edges  of  the  compressing-die,  which  come  in  contact  with  the 
interior  sides  of  the  mould,  are  grooved  or  corrugated  vertically,  so 
as  to  provide  for  the  escape  of  the  air  in  the  passage  of  the  die  up 
and  down. 

In  the  drawings  Fig.  i  shows  a  side  elevation  of  the  machine;  Fig. 
2,  an  end  elevation  with  the  near  leg  of  shears  removed,  so  as  to  ex- 
pose the  parts  to  view ;  Fig.  3,  a  top  view  of  iron  car  with  mould 
suspended  and  the  die  in  the  mould ;  Fig.  4,  the  plan  of  a  system  of 
screws  for  holding  the  mould  firmly  on  the  anvil ;  and  Fig.  5,  the  die. 
E  is  the  mould  resting  on  the  anvil  jF,  J/ the  car,  Fthe  lever  for 
raising  and  lowering  the  trunnion-bearings,  7^  the  compacting-die  with 
corrugations,  e^  e,  C,  C,  the  hammer,  H  the  link  for  connecting  ham- 
mer and  die,  etc.  A  60-horse-power  steam-engine  works  the  hammer, 
and  also  runs  a  stone-crusher  for  pulverizing  marble  and  other  stones 
to  be  used  instead  of  sand  or  furnace-slag. 

A  plant  in  perfect  running  order,  capable  of  turning  out  10,000 
superficial  feet  of  2j^-inch  flagging  per  day,  is  estimated  to  cost 
J5 1 5,000,  exclusive  of  the  land  it  stands  upon. 

In  the  manufacture  of  artificial  stone  the  length  of  time  that  must 
usually  be  allowed  for  the  moulded  block  to  attain  a  certain  degree 
of  hardness  and  strength  before  it  can  be  transported  and  used  has 
always  caused  no  little  inconvenience.  The  most  obvious  and  the 
usual  remedy  for  this  was  to  increase  the  proportion  of  the  cementing 
substance,  although  it  also  increased  the  cost  of  production.  The 
latest  device  is  to  cause  the  freshly-moulded  material  to  be  sur- 
rounded and  as  far  as  possible  permeated  with  carbonic  acid  gas,  by 
which  a  portion  of  the  lime  present  in  the  free  state  or  otherwise  is 
converted  into  a  carbonate,  and  an  additional  indurating  agent  thus 
introduced.  The  gas  is  generated  in  an  ordinary  charcoal-furnace 
and  conducted  through  a  pipe  into  a  close  chamber  containing  the 
freshly-moulded  stone  to  be  treated.  In  its  passage  it  unites  with 
steam  from  a  boiler  on  top  of  the  furnace,  and  the  vapor  of  water  and 
the  gas  penetrate  the  chamber  and  remain  mingled  together  in  it 
The  action  upon  the  specimens  is  more  rapid  when  the  temperature 
is  above  100°  Fahrenheit.  The  articles  should  remain  in  the  chamber 
four  or  five  days. 

Roland  &  Sprogle,  of  New  York  City,  and  George  Richardson,  of 
Milwaukee,  Wisconsin,  exhibited  apparatus  for  this  process.  Both 
embody  the  same  principle,  and  there  is  no  essential  difference  in  the 
two  methods  of  applying  it. 
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Roland  %l  Sprogle,  New  York,  N.  Y. 

Roland  &  Sprogle  also  had  on  exhibition  a  fine  collection  of 
paving-tiles,  building-blocks,  miniature  burial-cases,  match-boxes,  and 
other  articles,  made  with  a  mixture  of  hydraulic  cement,  common 
lime  and  sand,  all  hardened  by  the  carburetting  process.  The  selling 
price  of  the  2j^-inch  flagging  is  25  cents  per  square  foot,  that  of  plain 
building-blocks  60  to  70  cents  per  cubic  foot,  and  that  of  ornamental 
•blocks  90  cents  to  jS  1.2 5  per  cubic  foot,  depending  on  the  cost  of  the 
moulds.  The  building  stones  generally  contain  i  volume  of  Portland 
cement,  i  volume  of  Rosendale  or  other  equivalent  cement,  }4  vol- 
ume of  slaked  lime-powder,  and  4  volumes  of  clean,  fine  sand.  The 
specimens  exhibited  were  well  moulded,  of  uniform  color,  free  from 
efflorescence,  and  hard  and  strong.  The  moulding  is  done  by  hand- 
tamping. 

George  Richardson,  Milwaukee,  Wis, 

Mr.  Richardson,  who  calls  the  process  carbonizing,  and  the  product 
carbonized  stone,  exhibited  a  block  of  the  material  and  some  sewer- 
pipe,  composed  of  hydraulic  cement  i  volume,  and  sand  2  volumes, 
a  portion  of  the  cement  being  Portland.  He  uses  no  common  lime. 
He  also  exhibited  an  iron  mould  for  making  6-inch  sewer-pipe,  the 
sections  of  the  pipe  being  connected  by  a  collar-joint.  Each  section 
is  moulded  with  a  longitudinal  rib  along  the  bottom  called  the  bed- 
piece,  which  has  the  same  projection  as  the  collar  beyond  the  exterior 
circumference  of  the  pipe,  and  supports  the  section  in  its  place  when 
laid,  and  enables  the  thickness  of  the  pipe  to  be  somewhat  reduced 
without  diminishing  its  transverse  strength. 

The  value  of  this  carburetting  or  carbonizing  process  does  not  ap- 
pear to  be  restricted  to  simply  hastening  the  induration,  but  it  intro- 
duces an  additional  source  of  hardness, — the  subcarbonate  of  lime, — 
which  would  not  otherwise  appear  for  many  years,  or  at  best  but 
feebly,  except  on  those  surfaces  exposed  to  direct  contact  with  the  air, 
and  for  a  limited  depth  only.  It  is  believed,  therefore,  that  the  ulti- 
mate strength  and  hardness  of  the  stone  are  somewhat,  though  not 
materially,  increased  by  this  process.  Whether  the  extra  expense 
which  this  involves  will  prevent  its  general  adoption,  is  a  question 
yet  to  be  demonstrated. 

James  T.  Allen,  Philadelphia,  Pa, 

Artificial    imitations   of  polished    marbles   and   other   stones,   in 
columns,  pedestals,  pilasters,  wainscoting,  mantels,  and  slabs.     The 
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imitations  are  excellent,  the  Egyptian  green,  the  verd-antique,  the 
Tennessee  marble,  the  black  marble  of  Lake  Champlain,  lapis  lazuli, 
Lisbon,  Sienna,  brocatelle,  Scotch-granite,  bloodstone,  etc.,  being 
beautifully  reproduced  in  their  polished  appearance.  The  body  of 
all  these  imitations  is  either  calcined  gypsum  or  Keene's  cement  ap- 
plied to  a  skeleton  or  core  of  wood.  The  columns  and  pedestals  are 
therefore  hollow,  the  core  being  formed  of  slats  with  openings  between 
them  like  lathing.  The  coloring  materials  are  pigments  of  various 
kinds,  indigo,  gamboge,  chrome-yellow,  Indian  red,  etc.,  mixed  up^ 
with  the  plaster  and  water  to  the  condition  of  a  stiff  paste,  and  then 
applied  to  the  plaster  or  the  cement  a  day  or  two  after  the  core  has 
received  its  first  rough  coat.  The  Keene's  cement  is  used  for  the 
finishing  layer  on  flat  but  not  on  round  surfaces,  as  it  is  much  harder 
to  work  than  the  plaster  composition.  The  columns  are  turned  and 
polished  in  a  lathe.  In  the  Levant  and  verd-antique  marbles,  frag- 
ments of  natural  alabaster  are  imbedded  in  the  body  while  soft, 
receiving  their  final  polish  with  the  rest  of  the  surface.  The  polishing 
is  done  with  pumice  and  other  stcmes  of  different  grades  of  fineness, 
and  water. 

The  selling  price  of  these  articles  appears  to  be  comparatively  high. 
Columns  9  feet  high,  exclusive  of  base  and  capital,  and  13  inches  in 
diameter,  sell  for  ^80  singly,  and  something  less  in  sets ;  pedestals  i 
foot  in  diameter  and  3^  feet  high,  including  the  base,  for  ^35  ;  and  a 
good  pattern  of  wainscoting,  about  4  feet  high,  for  186.50  per  lineal 
foot.     Plain  slabs  are  sold  for  80  cents  and  upwards  per  square  foot. 

P.  P.  QuACKENBOS,  Philadelphia,  Pa. 

Four  large  ornamented  vases  of  artificial  stone,  composed  of 
hydraulic  cement  and  sand,  and  perhaps  a  little  common  lime.  The 
articles  are  well  moulded,  and  the  material  is  hard  and  strong.  It  is 
not  known  whether  the  process  followed  in  manipulating  and  com- 
pacting the  materials  is  in  any  respect  peculiar. 

Wilson  MiTCRmj^,  Philadelpliia,  Pa. 

Portsilica  paving-tiles,  some  plain  gray,  and  others  colored  red, 
yellow,  and  blue,  well  adapted  for  paving  foot-paths,  areas,  cellars, 
churches,  etc. 

MiLNER  &  Herd,  Strathroy,  Canada, 

A  vase  about  3  feet  high,  and  a  window-cap^made  with  a  mixture 
of  hydraulic  lime  and  cement. 
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W.  W.  Trip,  Providence,  R.  /. 

A  garden-seat,  a  large  vase  with  cover,  a  carriage-step,  and  garden 
curb  or  bordering,  made  with  cement  and  sand,  possessing  a  good 
degree  of  strength  and  hardness. 

Geronimo  Boada,  Matero,  near  Barcelona,  Spain. 

Balusters,  slabs,  and  small  ornamented  building-blocks,  composed 
of  hydraulic  cement  and  sand,  hard,  strong,  and  fairly  moulded.  A 
church  front  in  Barcelona  is  built  of  the  same  material. 

Jose  Gabriel  Cadiz,  Santiago,  Chili, 

Marble  mantels,  fluted  pilasters  of  variegated  marble,  and  a  number 
of  tiles,  all  very  hard,  dense,  and  strong.  The  body  is  concrete,  faced 
with  a  fine-grained  composition.-  No  information  concerning  the 
process  of  manufacture  could  be  obtained,  the  exhibitor  not  being 
present,  and  the  parties  in  charge  having  no  knowledge  thereof. 

R.  Escudero,  Santiago,  Chili. 

Artificial  grindstones,  balusters,  and  railing,  composed  apparently 
of  silicious  sand  and  hydraulic  <:ement  of  good  quality,  well  moulded 
and  hard  and  strong. 

Several  of  the  parties  having  hydraulic  cement  on  exhibition  also 
made  a  more  or  less  prominent,  and  some  of  them  a  very  creditable, 
display  of  artificial  stone  or  beton,  into  which  their  cement  entered  as 
the  binding  medium,  in  order  to  show  its  strength  and  general  fitness 
for  a  special  branch  of  industry.  Notably  among  these,  in  addition 
to  those  named,  were  L.  and  E.  Pavin  de  Lafarge,  of  Teil,  France ; 
the  Coplay  Cement  Company,  of  Allentown,  Pennsylvania ;  the  Wam- 
pum Cement  and  Lime  Company,  of  New  Castle,  Pennsylvania;  and 
Lonquety  &  Co.,  of  Boulogne,  France. 
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BRICK-MAKING    MACHINERY,    BRICK-KILNS,   PERFOR- 
ATED AND  ENAMELED   BRICKS,  AND   PAVEMENTS. 

BY  GEN.  Q.  A.  GILLMORE,  U.S.A. 

Brick-machines  may  be  classified,  with  respect  to  the  humidity  and 
condition  of  the  clay  affording  the  best  practical  results,  into  four 
classes,  to  wit :  Dry-clay  machines ;  Crude  or  moist-clay  machines  ; 
Tempered-clay  machines ;  and  Slush-  or  mud-machines. 

With  the  exception  of  the  slush-machines,  which  operate  to  advan- 
tage only  upon  very  soft  and  highly-tempered  clay,  and  which  were 
not  represented  at  all  in  the  Exhibition,  the  machines  of  the  several 
classes  run  almost  imperceptibly  into  one  another  in  their  respective 
methods  of  producing  bricks,  although  there  is  a  marked  and  wide 
difference  between  the  extremes  in  the  first  three  classes, — that  is,  be- 
tween those  which  require  the  clay  to  be  dry  enough  to  receive  com- 
pression into  form  by  means  of  a  sudden  blow  or  impact  and  those 
which  force  the  clay  continuously  through  a  die,  in  the  form  of  a 
plastic  bar  if  for  bricks,  and  of  a  plastic  pipe  or  tube  if  for  drain-tiles, 
to  be  immediately  cut  up  into  the  required  lengths. 

Very  great  improvements  have  been  made  in  brick-machinery 
within  the  last  ten  or  twelve  years,  all  successfully  tending  to  the  sub- 
stitution, in  a  greater  or  less  degree,  of  machine-  for  hand-labor,  and 
the  abridgment  of  the  time  consumed  from  the  moment  the  clay  is 
dug  from  the  bank  until  the  finished  brick  is  taken  from  the  firing- 
kiln.  These  improvements,  which  at  first  were  somewhat  restricted 
in  their  scope,  and  had  special  reference  to  a  more  rapid  and  less 
costly  production  of  common  bricks,  are  now  able  to  achieve  the 
higher  grades  of  workmanship.  Indeed,  it  seems  altogether  probable 
that  within  a  very  few  years  the  best  quality  of  face  bricks  will  be 
made  by  machinery,  and  hand-made  as  well  as  hand-pressed  bricks 
will  be  driven  from  the  market. 

In  the  Dry-clay  machines,  the  clay,  if  not  in  proper  condition  for  the 
purpose,  is  first  dried  and  then  reduced  to  a  coarse  granulated  form 
by  some  suitable  device.     This  is  commonly  done  by  passing  it  be- 
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tween  two  cylinders,  or  two  cone-shaped  rollers,  revolving  towards 
each  other  on  the  upper  surface  with  different  velocities.  They  are 
placed  nearly  in  contact  with  each  other,  so  that  the  larger  stones  are 
thrown  off,  while  the  smaller  ones  pass  through  or  are  crushed.  The 
granulated  or  disintegrated  clay  is  filled  into  the  brick-moulds  by 
hand,  or  by  some  device  of  filler-boxes,  or  graduated  measures, 
operated  automatically,  and  is  then  compacted  by  tamping,  or  by  one 
or  more  applications  of  steady  pressure,  according  to  the  nature  of 
the  machine.  In  order  to  insure  a  close  and  compact  brick  of  at  least 
the  required  thickness,  it  is  customary,  and  necessary  in  practice,  to  fill 
the  moulds  to  excess,  and  as  they  cannot  be  relieved  of  this  excess 
by  an  orifice  in  the  top  or  bottom  mould-plate,  as  in  the  case  of  a 
moist  or  plastic  clay,  which  will  flow  more  or  less  freely  under  heavy 
continued  pressure,  the  moulded  bricks  are  passed  under  a  sizing- 
knife,  which  shaves  them  down  to  a  uniform  thickness. 

With  machines  in  which  a  number  of  moulds  are  grouped  together, 
and  filled  simultaneously,  it  has  been  found  extremely  difficult  to  fill 
them  all  alike  so  as  to  produce  bricks  of  uniform  density.  If  this 
difficulty  has  been  entirely  surmounted,  the  fact  is  not  within  the 
knowledge  of  the  writer. 

A  brick  made  with  dry  clay,  whether  compacted  by  tamping  or 
by  steady  pressure,  is  not  plastic  when  delivered  by  the  machine, 
although  it  can  be  indented  somewhat  if  pressed  by  the  thumb  or 
finger.  When  an  attempt  is  made  to  bend  it,  only  a  very  slight 
change  of  form  will  take  place  before  breaking.  The  absence  of  the 
requisite  degree  of  moisture  causes  imperfect  cohesion  during  the 
process  of  moulding  and  imperfect  or  incomplete  fusion  in  the  kiln. 
It  has  been  found  that  dry-clay  bricks  possess  in  an  inferior  degree 
the  power  to  withstand  the  disintegrating  effects  of  the  weather, 
especially  in  high  latitudes. 

Crude  or  moist-clay  machines  generally  work  in  clay  in  its  natural 
condition,  as  taken  from  the  bed.  It  is  first  disintegrated  by  some 
suitable  apparatus,  as  in  the  dry-clay  process,  and  then  fed  into  the 
moulds  and  compacted  by  one  or  more  applications  of  steady  press- 
ure. The  surplus  clay  may  be  removed  and  the  bricks  brought  to  a 
uniform  thickness  by  passing  them  under  a  sizing-knife,  followed  in 
some  cases  by  a  smoothing-plate  to  remove  the  rough  surface  left  by 
the  knife.  The  bricks  are  more 'plastic  than  those  produced  by  the 
dry-clay  machine,  and  can  generally  be  hand-pressed,  if  desired,  im- 
mediately after  they  are  delivered  from  the  machine.  A  few  hours* 
exposure  in  the  open  air,  in  favorable  weather,  renders  them  dry 
enough  for  burning. 
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Tempered-clay  machines  are  usually  less  costly,  and  therefore  in 
more  common  use  throughout  the  world,  than  those  intended  to  work 
in  dry  or  crude  clay.  There  are  exceptions  to  this  rule,  for  some  ma- 
chines which  work  at  their  best  in  highly-tempered  clay,  and  deliver  a 
very  plastic  brick,  consist  essentially  of  a  revolving  mould-table,  pro- 
vided with  moulds  with  movable  bottoms,  to  which  pressure  is  applied 
by  an  arrangement  of  parts  that  are  sometimes  not  at  all  simple. 

The  usual  device  for  tempering  the  clay  is  a  pug-mill,  which  con- 
sists of  an  iron  cylinder,  having  a  revolving  shaft  in  its  axis  provided 
with  radial  knives  set  spirally,  like  the  arms  of  a  steamer's  propeller, 
so  that  they  not  only  cut  up  and  mix  and  temper  the  moistened  clay 
so  as  to  render  it  plastic,  but  they  drive  it  forward  towards  the  end  of 
the  cylinder,  where  it  receives  compression,  either  by  being  forced 
through  a  contracted  opening  or  die  issuing  therefrom  in  the  form  of 
a  continuous  bar,  to  be  at  once  cut  up  into  bricks,  or  by  being  fed  into 
brick-moulds  and  compacted  therein  by  suitable  appliances  for  giving 
a  steady  pressure.  As  the  expressed  bar  has  a  uniform  cross-section, 
a  full  set  of  dies  of  different  forms  will  enable  a  single  machine  to 
produce  in  turn  solid,  perforated,  or  cornice  bricks,  floor-  and  drain- 
tiles,  and  other  forms.  Machines  operated  on  this  principle  are  known 
as  expressing-machines.  Their  simplicity,  comparatively  low  price, 
and  ready  adaptation  to  the  production  of  a  variety  of  forms,  confer  a 
claim  for  popular  favor  not  surpassed  by  that  of  any  other  class  of 
brick-machines.  The  pug-mill  may  be  set  in  a  vertical  or  in  a  hori- 
zontal position,  and  the  end  in  which  the  die  is  set  in  expressing- 
machines  may  be  tapering.  Whatever  may  be  the  position  of  the 
pug-mill,  the  die  is  commonly  so  arranged  that  the  bar  of  tempered 
clay  issues  forth  horizontally. 

Bricks  cut  from  an  expressed  bar  by  wires  or  steel  blades  are  apt  to 
be  rough  and  jagged  on  the  edges  where  the  cutting  instrument  leaves 
the  bar,  unless  the  clay  is  quite  free  from  gravel  and  coarse  sand ; 
while  if  a  small  pebble  obstructs  the  cutter,  the  brick  on  either  side 
is  liable  to  be  greatly  injured  in  sightliness,  if  not  altogether  destroyed. 
These  machines,  therefore,  are  by  no  means  equally  well  adapted  to 
all  qualities  of  clay. 

Isaac  H.  Garretson,  Keokuk,  Iowa, 

Mr.  Garretson's  tamping  brick-machine  is  simple,  and  the  one 
exhibited  quite  rude  in  construction.  It  works  in  dry  clay  only,  con- 
sists essentially  of  an  arrangement  for  raising  and  letting  fall  (by 
means  of  cams  attached  to  a  horizontal  revolving  shaft)  one  or  more 
wooden  iron-shod  rammers  or  stampers.    The  bottom  or  iron-shod 
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part  of  these  stampers  fits  somewhat  accurately  into  the  brick-moulds 
and  drops  into  them  at  each  fall.  The  dry  clay,  previously  disin- 
tegrated by  some  suitable  device  or  by  hand-labor,  is  fed  into  the 
moulds  by  a  wooden  wheel  revolving  in  a  hopper  above.  The  feed- 
ing is  intermittent,  being  suspended  while  the  stamper  is  down. 
After  being  taken  from  the  moulds  the  bricks  are  passed  under  a 
sizing-knife  to  reduce  them  to  a  uniform  thickness. 

A  machine  with  two  stampers  costs  jlioo,  and  the  exhibitor  stated 
that  six  stampers,  properly  attended,  will  make  18,000  bricks  in  10 
hours,  and  have  quite  recently  been  working  at  that  rate  in  St  Louis, 
Missouri.  This  machine  requires  only  a  small  power  to  run  it,  and 
its  low  price  places  it  within  the  reach  of  parties  with  limited  means. 
The  bricks  made  with  it  are  very  heavy  and  compact. 

Augustus  Morand,  Germantown^  Philadelphia^  Pa, 

Mr.  Morand  exhibited  an  excellent  brick-machine,  and  afforded  the 
Judges  an  opportunity  to  see  one  at  work  in  the  city  at  Morand  & 
Co.'s  brick-yard.  It  consists  essentially  of  two  pug-mills, — one  hori- 
zontal and  the  other  vertical,  and  a  horizontal  revolving  mould-table ; 
in  the  moulds  of  which  the  bricks  are  formed  and  receive  their 
pressure,  and  from  which  they  are  delivered  to  an  off- carrying  belt. 

The  clay  and  water  are  put  into  the  horizontal  mill,  where  the 
spirally-set  knives  mix  and  temper  the  material  and  force  it  towards 
the  delivery  end,  where  it  descends  into  the  vertical  mill,  also  pro- 
vided with  helicoidal  arms  or  knives.  Under  the  mill,  and  in  con- 
tact with  its  lower  end,  revolves  with  a  uniform  continuous  motion 
the  horizontal  mould-table,  in  which  there  are  eight  moulds  of  the 
size  of  a  brick,  at  equal  distances  from  each  other,  near  the  periphery. 
The  mixed  and  thoroughly  tempered  clay  is  forced  downward  through 
a  slot  in  the  bottom  of  this  mill,  thus  filling  the  moulds  in  succession 
as  they  pass  under  the  slot.  Each  full  mould  then  passes  under  a 
pressure-plate,  which  confines  the  clay  on  top,  while  a  movable  plate 
which  fits  into  and  closes  the  mould  at  the  bottom,  on  the  under  side 
of  the  table,  is  forced  up  by  passing  over  a  cam.  This  compresses  the 
plastic  brick,  and  ejects  the  air  and  excess  of  clay  through  a  small 
circular  aperture  in  the  pressure-plate  provided  for  that  purpose. 
After  passing  the  pressure-plate,  the  bricks  are  thrust  up  to  the  top 
of  the  mould-table  by  another  cam,  and  are  then  pushed  off  automati- 
cally to  an  off-carrying  belt  set  at  the  height  of  the  top  of  the  table. 
They  are  taken  from  this  belt  and  sanded,  hand-pressed,  put  on  cars, 
and  conveyed  to  the  drying-ovens,  all  within  the  space  of  a  few  min- 
utes after  the  crude  clay  is  introduced  into  the  first  pug-mill. 
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The  characteristic  merit  of  the  Morand  machine— due  to  the  double 
pugging  which  the  clay  receives — is  the  high  degree  of  homogeneity 
and  plasticity  which  it  coitfers  upon  the  bricks.  In  these  respects  it 
possesses  in  a  superior  degree  all  the  advantages  of  the  best  express- 
ing-machines,  without  sacrificing  the  greatei^  accuracy  of  form  and 
smoothness  of  edges  which  a  well-moulded  brick  always  has  over 
one  cut  from  a  plastic  bar. 

A  component  part  of  the  machine  exhibited  is  a  driving-engine, 
consisting  of  two  inclined  cylinders,  each  8^  inches  in  diameter  and 
12  inches  stroke,  with  all  the  necessary  connections.  The  cylinders 
seen  st  E  E  are  connected  directly  with  the  main  driving-shaft  i% 
located  on  top  of  the  frame,  and  carrying  a  worm  and  two  solid  V- 
pulleys.  'The  worm,  which  is  not  seen  in  the  drawing,  works  into  a 
large  horizontal  worm-wheel  fixed  to  the  upper  end  of  the  shaft  of 
the  vertical  pug-mill,  A,  in  order  to  operate  that  mill.  TwoV-belts 
driven  from  the  two  V-pulleys  pass  over  two  other  pulleys,  one  of 
which  is  seen  at  H,  on  the  shaft  /,  carrying  a  worm  which  gears  into 
a  vertical  worm-wheel,  y,  fixed  to  the  shaft  of  the  horizontal  pug- 
mill  B,  and  drives  that  mill.  The  mould-table  C  is  revolved  by  the 
worm-shaft  K,  The  moulds  are  made  in  segments,  so  that  they  can 
without  diflSculty  be  removed  from  the  table  when  it  is  desired  to 
alter  the  number  or  size  of  the  moulds,  or  replace  those  that  are 
worn  out.  A  roller-mill  for  disintegrating  the  clay  should  be  placed 
in  the  bottom  of  the  hopper  Z,  directly  over  the  horizontal  pug-mill. 

The  Morand  machine  can  produce  from  22,000  to  24,000  bricks  in 
10  hours  without  working  to  its  fullest  capacity.  Its  weight  is  9  tons, 
and  its  price,  with  engines,  $^000,  or  without  engines,  II4000. 

Chambers  Bros'  &  Co.,  Philadelphia,  Pa, 

A  working  model  of  their  "  clay-tempering  brick-making  machine.'* 
The  machine  itself  was  seen  in  full  operation  at  the  company's  yard. 
It  is  an  expressing  machine,  shown  in  Figs.  I,  2,  and  3,  constructed 
almost  wholly  of  iron,  consisting  essentially  of  a  horizontal  cylin- 
drical pug-mill  terminating  in  a  frustum  of  a  cone  next  the  deliver- 
ing end  of  the  mill.  The  pug-mill,  which  includes  all  the  cylindrical 
and  about  half  the  conical  portion  of  the  machine,  is  provided  with 
spirally-set  knives,  which  cut  up  and  temper  the  clay,  and  force  it 
forward  towards  the  die.  The  smaller  portion  of  the  cone  is  pro- 
vided with  a  conical  screw  firmly  attached  to  the  end  of  the  pug-mill 
shaft.  This  screw  receives  the  tempered  clay  as  the  latter  is  thrust 
forward  by  the  pug-mill,  and  forces  it  onward  through  the  die.  In 
order  that  the  clay  shall  not  revolve  with  the  screw,  which  would 
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Stop  its  onward  motion,  the  inner  surface,  the  conical  case,  is  rough- 
ened by  checks,  pits,  or  longitudinal  corrugations,  preferably  the 
latter.  The  screw  further  tempers  the  clay,  and  then  delivers  it  in  a 
solid  round  column  to  the  forming-die,  which  gradually  reduces  the 
round  bar  to  a  rectangular  section,  of  which  the  breadth  and  thick- 
ness are  the  same  as  those  of  the  moulded  brick.  Both  the  conical 
screw-case  and  the  forming-die  are  surrounded  with  a  jacket  of 
steam,  which  keeps  their  surface  warm  and  causes  the  clay  to  slide 
forward  more  freely.  The  bar,  as  it  issues  from  the  die,  is  conducted 
by  an  endless  belt  to  the  cutting  device,  which  consists  of  a  thin  blade 
of  steel,  secured  radially  to  the  periphery  of  a  wheel.  The  blade 
passes  through  the  bar  of  clay,  and  being  guided  by  steel  plates,  so 
arranged  as  to  move  with  the  clay  while  the  knife  is  passing  through 
it,  and  so  as  to  support  the  under  side  and  edges  of  the  bar  while 
being  cut,  the  knife  goes  straight  through,  cutting  the  end  of  the  bricks 
square,  and  leaving  the  angles  unbroken  and  the  corners  sharp. 

The  bricks,  thus  cut  from  the  continuous  bar,  are  separated  and 
carried  by  another  endless  belt  through  the  dusting  or  sanding  ma- 
chine, which  consists  of  a  chamber,  into  which  is  thrown  by  centri- 
fugal force  or  a  blast  of  air  a  continuous  cloud  of  dust  or  fine  sand 
which  adheres  to  the  surface  of  the  bricks,  rendering  them  much 
nicer  to  handle,  preventing  them  from  sticking  together  on  the  bar- 
rows or  in  the  hacks  on  the  drying-cars,  and  much  improving  them 
in  color  when  burnt.  The  bricks  are  stiff  enough  to  wheel  away  and 
hack  up  in  the  drying-sheds  immediately  without  sun-drying. 

The  severed  bricks  on  the  off-bearing  belt  could  not  conveniently  be 
taken  up  by  hand  unless  they  were  separated  from  each  other  by  a 
greater  distance  than  the  thickness  of  the  severing  knife.  To  secure 
this  separation  the  off-bearing  belt  is  geared  to  move  somewhat  faster 
than  the  one  which  carries  the  uncut  bar,  so  that  the  moment  a  brick 
is  received  upon  the  former  it  is  moved  forward  more  rapidly  than 
the  bar  behind  it,  thus  opening  out  an  interval  between  it  and  the  one 
which  follows. 

The  wheel  carrying  the  cutting- knife  is  accurately  geared  to  make 
one  revolution  while  the  bar  is  moving  forward  the  length  of  a  brick. 
Fig.  3  shows  a  side  view  of  wheel  and  knife,  the  latter  being  in  the 
position  just  before  it  begins  to  cut  the  clay,  Z.  The  knife  is  so  set 
by  a  spring  that  it  will  fly  up  to  the  position  shown  by  the  dotted 
lines,  without  breaking,  if  it  strikes  a  stone  in  the  bar. 

It  is  presumed  that  in  feeding  the  clay  to  the  machine  no  large 
stones  will  be  allowed  to  enter,  and  in  order  that  the  smaller  stones 
of  from  two  to  three  inches  in  diameter  shall  not  stop  the  machine  nor 
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break  the  knives  while  they  are  passing  through  the  pug-mill,  the 
knives  are  made  a  few  inches  shorter  than  the  interior  diameter  of  the 
casing.  A  stone  may  imbed  itself  in  the  stationary  clay  occupying  the 
space  between  the  ends  of  the  knives  and  the  case,  or  it  may  lodge  at 
the  entrance  to  the  screw  and  stop  the  passage  of  the  clay.  In  the 
latter  case  the  casing  of  the  mill  would  be  subjected  to  extra  strain  in 
a  greater  or  less  degree,  depending  on  the  size  of  the  stone  and  the 
amount  of  stoppage  caused  by  it,  unless  some  provision  were  made 
to  prevent  it.  This  is  accomplished  by  a  safety-valve,  shown  at  F', 
Fig.  2,  kept  habitually  closed  by  a  weighted  lever  against  any  or- 
dinary outward  pressure  exerted  by  the  clay  in  its  passage  towards 
the  die.  Against  extra  pressure,  such  as  would  be  caused  by  stones 
stopping  at  the  large  end  of  the  screw,  the  lever  yields,  the  valve 
opens,  and  the  clay  issues  therefrom,  until  the  machine  is  stopped 
and  the  stone  taken  out  through  the  valve.  A  stone,  having  once 
entered  the  screw,  will  go  on  and  pass  through  the  die  unless  it  be 
larger  than  a  brick  is  thick,  in  which  case  the  machine  is  stopped,  the 
die  swung  open  on  a  hinge,  and  the  stone  knocked  out.  This  can  be 
done  in  about  a  minute. 

Two  sizes  of  the  Chambers  machines  are  made.  The  largest,  if 
driven  by  a  40-horse-power  engine,  can  make  from  25,000  to  35,003 
bricks  in  10  hours ;  its  price  is  $2000.  It  was  seen  working  for  40 
minutes,  at  the  rate  of  31,800  bricks  in  10  hours.  One  stoppage, 
caused  by  a  stone  in  the  die,  occurred  during  that  time.  One  such 
stoppage  per  hour  through  the  day  would  reduce  the  daily  produc- 
tion 5  or  6  per  cent.  The  small  machine  is  guaranteed  to  make  from 
15,000  to  25,000  bricks  in  10  hours. 

The  drawings  include  a  view  of  the  larger  machine,  arranged  for 
feeding  the  clay  from  a  platform  or  floor  above,  through  a  shaft  or 
tube  resting  on  the  hopper  of  the  pug-mill.  The  view  shows  also  a 
device  for  cutting  the  bar  into  bricks,  differing  from  the  one  above 
described.  It  is  called  the  Archimedean  cutter,  and  consists  of  a  drum 
revolving  on  an  axis  parallel  to  the  bar  of  clay,  and  carrying  on  its 
cylindrical  surface  a  thin  spiral  steel  plate  or  screw-thread,  set  nor- 
mally to  the  surface  at  such  a  pitch  as  to  move,  as  a  screw,  at  precisely 
the  same  speed  as  the  bar  of  clay.  The  end  of  this  steel  plate,  nearest 
the  mill,  cuts  the  clay  at  each  revolution  of  the  drum ;  the  severed 
brick  moving  forward  on  the  off-carrying  belt,  but  remaining  in  the 
space  between  the  threads  for  a  short  time,  until  the  other  end  of  the 
spiral  leaves  it.  It  then  goes  to  the  faster  belt,  as  in  the  case  of  the 
other  cutter.  The  Archimedean  cutter  was  not  seen  at  work,  and  it  is 
not  known  whether  it  operates  as  well  as  the  radial  knife  or  otherwise. 
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George  S.  Tiffany,  London^  Canada. 
This  exhibit  is  a  horizontal  expressing  machine,  of  the  pug-mill 

• 

class,  embodying  the  novel  feature  of  2  two-bladed  screws  behind 
the  die,  revolving  in  opposite  directions.  The  design  of  the  machine 
is  shown  by  the  drawings.*  Fig.  i  is  a  perspective  view ;  Fig.  2,  a 
central  longitudinal  section,  taken  vertically;  Fig.  3,  a  vertical  trans- 
verse section  on  ^  ^  of  Fig.  2;  Fig.  4,  an  end  view  of  the  screw 
nearest  the  die;  and  Fig.  5,  a  transverse  section  of  the  cutting- 
table. 

The  pug-mill  shaft  y,  Fig.  2,  is  armed,  in  the  usual  manner,  with 
spirally-set  tempering-knives  (of  which  only  a  few  are  represented), 
and  with  a  two-bladed  screw,  Z,  fixed  about  fifteen  inches  in  rear  of 
the  forming-die,  C,  Between  this  screw  and  the  forming-die  is  another 
similar  screw,  N,  seen  also  in  Fig.  4,  carried  by  the  shaft  K,  working 
■within  the  mill-shaft  y.  It  revolves  about  six  times  as  rapidly  as  the 
shaft  y,  and  in  an  opposite  direction,  the  objects  being  to  reduce  the 
strain  on  the  mill-shaft,  and  confine  the  pressure  by  which  the  clay  is 
forced  through  the  die  more  nearly  to  the  area  of  the  die.  The  gearing 
is  shown  in  Fig.  3.  The  gear-wheels,  /  and  ^,  are  on  the  driving-shaft, 
to  which  motion  is  given  by  the  band-wheel  U,  Fig.  I.  Wheel  e 
meshes  with  wheel  f,  and  gives  motion  to  the  shaft  K  and  the  screw 
N.  Wheel  i  meshes  with  wheel  b,  on  intermediate  shaft,  and  gives 
motion  to  wheel  c,  represented  by  dotted  lines,  on  same  shaft,  and 
wheel  C  meshing  with  wheel  D^  moves  the  pug-mill  shaft  j^'and  the 
screw  L, 

The  device  for  cutting  off  the  bricks  from  the  bar  as  it  issues  from 
the  die  is  shown  in  Figs,  i,  2,  and  5.  The  bar,  which  has  a  thickness 
and  width  corresponding  to  the  width  and  length  of  a  brick,  is  first 
received  upon  the  carrying-band  P  (Figs,  i  and  2),  and  thence  passes 
to  the  rollers  on  the  rack  of  the  cutting-table.  This  rack  rests  on 
rockers,  v  v  v  v,  which  permit  it  to  have  a  reciprocating  motion  to 
and  from  the  forming-die,  and  is  provided  with  a  cutting-frame,  E, 
pivoted  at  0,  Fig.  5,  armed  with  small  wires,  E  E  E,  for  severing  the 
bar  into  bricks.  The  man  attending  the  cut-off  holds  the  rack  in 
position  close  to  the  die  until  he  wishes  to  cut,  when  he  allows  the 
rack  to  move  forward  with  the  clay,  and  while  moving,  and  while  the 
clay  and  the  cutting-frame  are  thus  relatively  in  a  state  of  rest,  he 
draws  the  bar  of  the  cutting-frame,  E,  over  to  the  opposite  side  of 
the  rack,  causing  the  wires  to  pass  through  the  bar  and  cutting  it 


*  See  next  page. 
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into  bricks.     These  are  taken  off,  and  the  rack  moved  back  towards 
the  die  to  cut  again. 

This  machine  will  easily  make  14,000  to  15,000  bricks  in  10  hours, 
and  can  be  pushed  to  20,000.  It  will  make  tiles  equally  well,  and  is 
highly  commended  for  both  brick  and  tile  by  those  who  have  used  it. 
When  working  on  tiles  2500  six-inch,  3000  five-inch,  or  4000  four- 
inch  tiles  would  be  regarded  as  a  good  day's  work.  Its  price,  with 
one  die  for  common  bricks,  is  ^^oo,  gold,  delivered  on  cars  in  London, 
Canada.  The  Tiffany  machine  has  a  good  reputation.  The  one  on 
exhibition  worked  very  satisfactorily,  and  possessed  in  a  high  degree 
the  important  qualities  of  strength  and  simplicity. 

DuRAND  &  Marais,  Paris,  France. 

A  machine  for  manufacturing  bricks,  compressed  fuel,  and  agglom- 
erates of  every  kind.  A  horizontal  plunger,  or  piston,  operated  by 
a  revolving  cam,  compresses  the  clay  or  other  material  into  a  die, 
making  one  brick  at  each  revolution  of  the  cam.  The  clay  is  pressed 
against  a  closing-plate,  which  for  the  moment  stops  the  outlet-opening 
of  the  die.  A  long  arm  of  the  plunger-cam  then  operates  to  thrust 
the  moulded  brick  forward  upon  a  platform.  The  plunger  is  brought 
back  by  continuing  the  revolution,  and  additional  material  drops  down 
in  front  of  it  from  the  hopper  above.  The  excess  of  clay  in  front  of 
the  compressing-plunger  escapes  through  an  opening  in  its  axis,  the 
size  of  this  opening  being  so  adjusted,  with  reference  to  the  kind  and 
condition  of  the  material  in  use,  as  to  insure  the  requisite  degree  of 
compression.  The  mould  appears  to  be  filled  equally  and  homo- 
geneously, the  pressure  of  the  central  portions  being  so  far  relieved 
by  the  axial  opening  in  the  piston  that  the  material  in  the  angles  and 
edges  is  thoroughly  compacted. 

In  the  drawing  Fig.  i  represents  a  longitudinal  section  of  the 
machine;  Fig.  2  a  plan;  and  Fig.  3  an  elevation  of  the  end  through 
which  the  bricks  come  out.* 

The  machine  is  mounted  on  a  cast-iron  frame,  A  A,  On  this  frame 
are  four  heavy  plumber-blocks,  d,  b,c,e,  in  which  the  two  parallel  shafts, 
d and/,  work. 

On  the  shaft  F  are  placed  the  fast  and  loose  pulleys  ^,  g^,  and  also 
the  pinion  A,  which  is  geared  into  the  large  cog-wheel  A^  on  the  shaft 
d.  The  fly-wheel  A'  is  also  fixed  on  to  shaft  /  On  the  shaft  d, 
driven  by  the  cog-wheel  A\  are  placed  three  cams.  The  principal  cam, 
I,  which  is  in  the  middle  of  the  shaft,  sets  the  compressing-plunger  ^ 


*  See  next  page. 
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in  motion.  The  shape  of  that  cam  is  such  as  to  cause,  in  succession, 
1st,  the  bringing  together  and  closing  up  of  the  material  to  be  com- 
pressed; 2d,  a  short  but  very  powerful  compression;  and  3d,  the 
expulsion  of  the  finished  brick  or  block. 

The  cam  /acts  on  the  plunger  ^  by  means  of  the  two  rollers  k  ^. 

The  two  outside  cams  n  n  act  simultaneously  on  the  two  levers  dd^ 
fixed  to  the  frame  at  the  points  d^  d^.  The  two  other  extremities  are 
strongly  fastened  by  means  of  bolts  to  a  plate,  rf*,  which  serves  to 
close  the  mould,  and  which,  when  raised,  opens  the  orifice  of  the 
outlet  for  the  brick  or  block  to  pass  through. 

The  clay  or  other  material  to  be  compressed  is  thrown  with  a 
shovel  into  the  hopper,  which  is  placed  above  the  plunger. 

The  material,  after  being  moulded  in  A  by  the  plunger,  is  dis- 
charged from  the  machine  after  the  rising  of  the  plate  rf',  and  the 
produce  lies  on  the  iron  bars  0  ready  for  removal.  An  opening 
through  the  plunger  allows  the  surplus  material  to  escape,  rendering 
the  pressure  at  the  centre  and  edges  equal.  The  block  on  leaving  the 
mould  is  pushed  into  a  frame,  ^,  which  by  a  slight  up-and-down 
motion  loosens  it  from  the  end  of  the  plunger. 

Durand  &  Marais*  machine  works  at  its  best  in  partially  dry  mate- 
rial, like  clay  directly  from  the  bank  which  has  been  disintegrated 
between  rollers,  or  like  coal-dust,  with  just  sufificient  tar  to  produce 
firm  cohesion  under  pressure.  A  fitness  for  agglomerating  the 
materials  for  artificial  stone,  after  they  have  been  suitably  mixed 
together,  is  claimed  for  it. 

As  a  brick-machine  it  is  a  variety  of  the  crude  or  moist-clay  type, 
and  does  not,  therefore,  produce  what  is  styled  a  plastic  brick.  It 
can  turn  out  9000  to  10,000  bricks  in  10  hours,  and  its  price  is  $T%o. 
It  is  simple,  strong,  easily  kept  in  working  order,  and  requires  only  a 
small  motive-power  to  run  it. 

C.  ScHLiCKEYSEN,  Berlin,  Germany, 

This  maker,  one  of  the  oldest  and  most  extensive  manufacturers  of 
brick  and  tile  machinery  on  the  Continent  of  Europe,  had  several  of 
his  horizontal  patent  brick-machines  on  exhibition.  They  are  ex- 
pressing machines,  of  strong  and  simple  designs,  and  complete  in  all 
their  appointments,  consisting  of  a  horizontal  pugging-mill  with  suit- 
able double  driving-gear,  surmounted  with  a  water-box  for  moistening 
the  clay,  a  die,  and  a  cutting-table.  They  are  arranged  to  be  fitted 
when  desired  with  a  chilled-iron  roller-mill  for  disintegrating  the  clay, 
and  an  elevator  for  conveying  it  to  the  pug-mill.  One  machine,  with 
a  complete  set  of  dies,  will  make  in  turn  solid  bricks,  perforated  bricks. 
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tiles,  and  cornice  bricks.  They  are  also  suitable  for  reducing  and 
compressing  peat.  Several  sizes  of  machines  are  made  by  this  house, 
and  all  the  dies  and  cutting-tables  are  interchangeable  between  them. 
They  can  be  easily  and  quickly  opened  for  inspection  or  cleaning,  and 
are  run  with  comparatively  light  motive-power.  The  cutting-rack 
moves  to  and  from  the  die  on  wheels,  instead  of  on  rockers,  like  the 
Tiffany  machine. 

The  following  information  is  furnished  by  the  manufacturer.  The 
prices  are  in  gold,  and  include  packing  and  delivery  in  Hamburg, 
Bremen,  Hull,  or  Liverpool.  Only  steam-power  machines  are  here 
referred  to,  although  four  sizes  of  horse-power  machines  are  made  by 
this  firm.  The  price  of  No.  I,  with  one  die  and  cutting-table,  is  ;J320, 
gold,  and  that  of  the  roller-mill  and  elevator  t2i^.  Its  productiv6 
capacity  in  10  hours  is  3000  to  5000  solid  bricks,  or  5000  to  6000 
tiles,  perforated  bricks,  or  pipes.  Its  weight  is  600  kilogrammes,  and 
that  of  the  roller-mill  and  elevator  the  same.  The  price  of  No.  2, 
with  one  die  and  cutting-table,  is  JIS30,  and  that  of  the  roller-mill 
and  elevator  JI320.  It  can  make  in  10  hours  8000  to  10,000  solid 
bribks,  or  6000  to  7000  tiles,  or  perforated  bricks,  and  its  weight  is 
1200  kilogrammes,  and  that  of  the  roller-mill  and  elevator  looo  kilo- 
grammes. The  price  of  No.  3,  with  one  die  and  cutting-table,  is  jlSoo, 
and  that  of  the  roller-mill  and  elevator  ^30.  It  can  produce  in  10 
hours  15.000  to  18,000  solid  bricks,  or  about  7000  perforated  bricks 
or  tiles.  It  weighs  2000  kilogrammes,  and  the  roller-mill  and  eleva- 
tor 1500  kilogrammes.  The  price  of  No.  4,  without  elevator  and 
roller-mill,  is  ;$I070,  and  its  production  in  10  hours  25,000  bricks. 
The  price  of  the  elevator  and  rolling-mill  is  ;^86o.  The  price  of  No. 
5  is  JI1350,  and  that  of  roller-mill  and  elevator  ^^1070.  It  can  manu- 
facture 30,000  to  35,000  bricks  in  10  hours.  For  the  No.  6  machine 
the  price  is  JI2400,  and  for  the  corresponding  roller-mill  and  elevator 
^2050.  A  productive  capacity  of  5000  bricks  per  hour  is  claimed 
for  this  machine.  It  is  a  vertical  machine,  with  two  dies  working 
simultaneously.  The  amount  of  steam-power  required  to  drive  ma- 
chines 3,4,  5,  and  6,  with  roller-mill  and  elevator,  is  an  engine  of  10, 
12,  16,  and  20  horse-power  respectively. 

The  four  smallest  machines  made  by  this  house  are  the  only  ones 
arranged  to  be  driven  by  animal  power,  when  that  method  is  pre- 
ferred by  the  purchaser.  One  horse  will  answer  for  either  i,  2,  or  3. 
For  No.  4  two  horses  are  necessary.  When  driven  by  horses  the  pro- 
ductive capacity  of  the  machines  is  reduced  about  one-half,  and  no 
roller-mill  is  used.  The  price  is  only  about  half  as  much  as  when 
geared  for  steam-power,  and  for  Nos.  i  and  2,  less  than  half. 
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The  solid  brick  referred  to  are  those  of  the  usual  German  size, 
measuring,  when  burned,  250  by  120  by  65  millimetres,  and  contain- 
ing about  1 19  cubic  inches.  Machine  No.  3  would  probably  produce 
from  20,000  to  25,000  common  American  bricks  in  10  hours.  A 
perspective  view  of  the  Sthlickeysen  machine  No.  2,  with  roller-mill 
and  elevator,  is  given. 

The  machine  requires  3  men  to  work  it,  viz.:  I  to  supply  the  roller- 
mill  with  clay,  i  to  attend  the  cutting-table,  and  i  to  take  the  bricks 
from  the  table.  In  addition,  there  must  be  i  engine-driver  for  all  the 
machines  driven  by  the  same  power,  i  or  more  carts  to  supply  clay 
to  the  roller-mill,  and  i  or  more  men  to  convey  away  and  dispose  of 
the  bricks.  Mr.  Schlickeysen  also  had  on  exhibition  a  machine  for 
moulding  sewer-  and  water-pipes  from  plastic  clay.  It  stands  verti- 
cally, and  is  run  by  steam-power,  the  plastic  pipe  being  expressed 
from  the  bottom.  After  running  out  to  a  length  of  about  three  feet,  it 
is  cut  off  at  the  die,  and  the  moulded  section  removed  for  dr>'ing  and 
burning.  Before  the  expressing  of  a  section  of  pipe  begins,  a  sleeve 
flange  is  formed  on  the  lower  end  of  it  by  a  separate  die.  When  this 
is  finished  the  end  is  neatly  cut  off",  so  as  to  leave  only  4  to  4)^  inches 
in  length  of  flange,  firmly  joined  to  the  body  of  the  pipe.  A  vertical 
pugging-mill  for  manufacturing  drain-tiles  was  also  shown. 

The  Great  American  Brick-Machine  Co.,  Croton  Landing,  N,  Y. 

This  company  exhibited  the  Gard  Brick-Machine,  under  the  name 
of  the  Imperial  Brick-Machine.  Its  general  character  will  be  under- 
stood by  the  drawings,  Figs,  i,  2,  3,  and  4. 

In  this  machine  the  pug-mill  A  and  pug-mill  shaft  B  are  horizontal, 
and  the  mould-wheel  C  is  upon  a  horizontal  shaft,  so  that  the  moulds  . 
a,  a,  arranged  in  a  concentric  circle  in  the  mould-wheel,  pass  properly 
across  the  bottom  or  delivery  end  of  the  pug-mill  in  the  lower  part  of 
their  revolving  circuit,  and  the  bricks,  as  fast  as  they  are  moulded  and 
compressed  in  the  moulds,  are  delivered  in  the  upper  part  of  the 
circuit  upon  an  off'-carrying  belt.^^. 

The  power  is  communicated  to  the  machine  by  means  of  a  hori- 
zontal shaft,  F,  placed  at  the  side  of  the  pug-mill  and  parallel  with  its 
shaft  By  to  which  it  transmits  motion  through  the  cog-wheels  b  and  c 
respectively  on  the  two  shafts ;  and  a  cog-wheel,  d,  on  the  driving- 
shaft  F  gears  immediately  into  cog-gearing,  e,  on  the  periphery  of  the 
mould-wheel  C,  so  that  the  pug-mill  shaft  turns  in  the  same  direction 
as  the  mould-wheel,  and  the  cog-gearing,  which  transmits  the  motions 
to  them,  is  relatively  so  proportioned  as  to  impart  the  desired  velocity 
to  all  the  parts.    The  brick-delivering  belt  E  is  driven  by  means  of  an 
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internal  gear,  F,  on  an  inner  periphery  of  the  mould-wheel,  the  mould- 
wheel  being  formed  with  a  central  cavity,  as  shown  in  Fig.  4,  so  that 
this  movement  for  driving  the  belt  is  rendered  practicable.  This 
interior  gear  F  matches  into  the  cogs  of  a  pinion,  g,  on  the  shaft  h  of 
the  inner  carrying-pulley  /of  the  delivering  belt.  This  pulley-shaft  is 
mounted  in  a  bearing,/,  attached  to  or  formed  with  the  pug-mill  bot- 
tom Gy  and  projecting  upwards  into  the  proper  position  for  the  pur- 
pose. The  outer  carrying-pulley  K  of  the  delivery-belt  is  mounted  in 
bearings,  /,  /,  which  have  screw-threaded  shanks  to  pass  through  a 
post  or  upright,  /f,  set  firmly  in  the  ground  at  the  desired  distance 
from  the  machine,  or  attached  to  an  extension  of  the  frame  of  the 
machine.  Nuts  on  the  ends  of  the  screw-shanks  of  the  bearings  serve 
to  tighten  the  belt  by  drawing  the  bearings  further  through  the  post. 

The  clay-forcing  screw  /on  the  pug-mill  shaft  works  in  imme,diate 
vicinity  to  the  face  of  the  mould-wheel.  The  lower  half  of  the  pug- 
mill  is  supported  by  or  forms  part  of  the  frame  of  the  machine,  its 
upper  half  being  hinged  to  the  lower  half  or  made  removable  there- 
from. 

The  inner  end  of  the  mould-wheel  shaft  has  its  bearing  in  an 
extension  of  the  pug-mill  bottom,  and  the  inner  bearing  of  the  pug- 
mill  shaft  is  in  the  outer  end  of  the  pug-mill.  To  secure  the  neces- 
sary strength  of  all  the  parts  with  this  relative  arrangement  of  the 
pug-mill  screw  and  the  mould-wheel,  the  face  of  the  mould-wheel 
being  made  annular,  with  a  central  cavity  therein,  as  above  described, 
this  annular  part  is  made  as  narrow  as  practicable.  Each  side  of  the 
outer  and  inner  corners  of  the  moulds  a^  a  are  set  oblique  to  the  tan- 
gents of  the  mould-wheel,  one  end  of  each  mould  being  at  right  angles 
to  the  radii  of  the  wheel  at  those  respective  points,  while  the  other 
ends  of  the  moulds  are  considerably  oblique  to  the  radii  of  the  mould- 
wheel  at  those  points.  An  annular  or  arc-shaped  opening  is  formed 
in  the  pug-mill  bottom  G  to  receive  the  annular  part  of  the  mould- 
wheel,  allowing  thereby  the  inner  surfaces  of  the  moald-wheel  and 
of  the  pug-mill  bottom  to  be  flush  with  each  other.  The  pug-mill 
screw  /sweeps  across  this  annular  part  of  the  mould-wheel  and  fills 
the  moulds  in  the  most  efficient  manner. 

When  the  moulds  are  being  filled,  the  adjustable  bottom  or  followers 
y  yva  the  moulds  are  forced  backward  therein  by  the  pressure  of 
the  clay,  itself  driven  forward  by  the  screw  /.  After  the  moulds  are 
filled  they  pass  in  succession  behind  a  pressure-  or  striking-plate, 
which  serves  to  cut  off  the  clay  in  the  mill  from  that  in  the  moulds, 
and  to  receive  the  pressure  from  the  rear  produced  by  the  followers 
y  y  when  these  are  thrust  forward  by  the  passage  of  the  friction- 
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rollers  ^over  the  cam  J/"  attached  to  the  cam-track  K.  The  pressed 
brick,  arriving  at  the  highest  point  in  the  revolution  in  the  wheel,  are 
expelled  from  the  mould  by  the  cam  5,  and  are  received  on  the  off- 
carrying  belt  £.  A  surplus  of  clay  is  always  forced  into  each  mould 
by  the  screw  /.  The  excess  is  cut  off  by  a  knife  attached  to  the 
striking-plate  and  escapes  through  an  outlet-aperture,  F,  in  that  plate. 

This  regulation  of  the  movement  of  the  followers  while  filling  the 
moulds  and  the  shape  of  the  cam-track  K  to  effect  it  are  peculiar. 
When  successively  each  follower  in  its  circuit  with  the  mould-wheel 
first  comes  opposite  to  the  interior  of  the  pug-mill,  its  inner  surface  is 
flush,  or  nearly  so,  with  the  inner  surfaces  of  the  mould-wheel  and 
pug-mill  bottom.  Then,  while  it  is  traversing  across  the  issuing  of 
the  pug-mill  and  the  screw  /  is  acting  to  press  the  clay  into  the 
mould,  the  follower  is  allowed,  by  the  gradual  retreat  or  backward 
inclination  of  the  cam-track,  as  shown  at  r,  Fig.  x,  to  move  backward 
only  gradually,  so  as  to  cause  the  mould  to  be  continually  filling 
during  the  whole,  or  nearly  the  whole,  traverse  across  the  pug-mill. 
Hence  no  air  ever  interferes  to  spoil  the  bricks,  and  the  clay  is  always 
thoroughly  compacted  in  the  moulds. 

For  oiling  the  faces  of  the  followers  without  oiling  the  faoe  of  the 
mould-wheel  the  followers  are  caused  at  proper  times  to  be  pushed 
out  somewhat  beyond  the  inner  surface  of  the  mould- wheel,  when,  or 
immediately  after,  they  deliver  the  bricks  upon  the  carrying-off  belt. 
While  in  this  projecting  position  the  faces  of  the  followers  pass  in 
contact  with  a  brush  or  sponge,  W^  which  is  kept  saturated  with  oil 
from  the  oiling-box  Vby  a,  suitable  device  for  gradually  supplying 
the  oil  without  waste. 

The  Gard  Machine  delivers  a  stiff,  plastic  brick,  well  moulded,  and 
with  good  edges  and  angles.  It  is  strong  and  simple,  and  does  its 
work  well.  A  good  rate  of  speed  is  five  revolutions  of  the  mould- 
wheel  per  minute,  producing  24,000  bricks  in  10  hours.  Its  price, 
with  right  to  use,  but  not  the  exclusive  right  in  any  place,  is  jg2000, 
delivered  on  cars  at  Croton,  New  York,  the  place  of  manufacture. 

The  same  company  exhibited  a  brick-truck  to  run  on  iron  rails,  for 
conveying  the  bricks  from  the  machine  to  the  drying-yard.  It  runs 
over  a  rack  containing  a  truck-frame  loaded  with  bricks,  picks  up  the 
frame  and  holds  it  suspended  under  the  axles  while  it  is  pushed  for- 
ward by  hand.     The  truck-frame  holds  500  bricks. 

The  price  of  four  trucks,  namely,  two  switch-cars  (one  at  each  end 
of  the  yard)  and  two  trucks,  one  to  take  the  bricks  from  the  machine 
to  the  yard  and  the  other  to  take  the  dry  bricks  from  the  yard  to  the 
kilns,  is  JI500. 
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Gregg's  Impact  Brick-Machine  Co.,  PliUadelphia,  Pa. 

One  of  the  most  complete  impact  machines  is  that  invented  by 
Isaac  Gregg,  Sr.,  owned  and  operated  by  the  Gregg  Impact  Brick- 
Machine  Company  of  Philadelphia.  Although  it  could  not  be  seen 
in  operation  by  any  of  the  Judges,  it  is  believed  to  be  entitled  to  a 
description  here,  as  embodying  in  a  powerful  machine  of  large  pro- 
ductive capacity  the  most  essential  merits  of  its  class. 

Its  principal  feature  is  a  horizontal  rotating  mould-wheel  containing 
near  its  perimeter  thirty-two  brick-moulds,  divided  into  eight  groups, 
four  moulds  firmly  bolted  together  forming  a  group.  The  moulds 
have  movable  bottoms,  firmly  attached  below  to  followers  {H,  Hy 
Fig.  i). 

Crude  clay  from  the  bank  is  first  broken  up  between  a  pair  of  cone- 
shaped  rollers,  which  throw  out  the  large  and  grind  up  the  small 
stones,  and  is  then  carried  up  by  means  of  an  elevator  and  fed  into 
the  hopper  B  (Fig.  i),  into  which  water  is  admitted,  and  where  the 
clay  is  ground  up  and  tempered  by  three  spirally-set  agitators.  The 
moulds  pass  directly  under  the  bottom  of  the  hopper,  and  are  filled 
with  clay,  four  at  a  time,  by  the  action  of  the  agitators,  while  the 
mould-wheel  is  at  rest.  The  mould-wheel  then  revolves,  bringing 
the  four  charged  moulds  directly  beneath  four  stampers  (G^,  C,  Fig.  i) 
which  fit  into  the  moulds  with  precision.  These  stampers,  which 
weigh  about  125  pounds  each,  by  falling  from  a  height  of  20  inches, 
each  independently  of  the  others,  compact  the  clay  in  the  moulds  by 
one,  two,  or  three  successive  blows.  The  shocks  of  these  blows  are 
received  by  the  anvil  /(Fig.  i),  and  therefore  no  serious  jar  is  con- 
veyed to  the  rest  of  the  machine.  While  the  stampers  are  delivering 
these  blows  another  set  of  moulds  is  receiving  clay  from  the  hopper. 
When  the  requisite  number  of  blows  have  been  given  the  mould- 
wheel  again  rotates,  and  the  followers  under  the  stamped  moulds 
begin  to  ascend  the  inclined  plane  y,  gradually  pushing  up  the  bricks 
to  the  required  distance  and  bringing  them  under  the  sizing-knife  K 
(Fig.  2),  which  cuts  off  the  superfluous  clay  always  allowed  in  the 
moulds,  and  reduces  the  bricks  to  a  uniform  thickness.  After  leaving 
the  sizing-knife  the  followers  continue  to  ascend  the  incline,  pushing 
out  the  finished  bricks,  which  finally  reach  the  level  of  the  top  of  the 
mould-wheel,  at  some  distance  beyond  3,  Fig.  i,  when  they  are  swept 
off  by  an  automatic  arm  on  to  trays,  or  on  to  an  off-carrying  belt,  and 
are  taken  in  charge  by  the  workmen.  While  ascending  the  incline  y 
the  followers  receive  in  succession  a  momentary  but  powerful  upward 
thrust,  by  which  the  impacted  bricks  are  re-pressed  against  a  pressure- 
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plate,  under  which  the  moulds  pass  after  receiving  the  action  of  the 
sizing-knife  K, 

In  the  first  machine  constructed  this  re-pressing  was  secured  by  the 
passage  of  the  followers,  one  after  the  other,  over  a  small  wheel  pro- 
jecting above  the  surface  of  the  incline,  but  it  is  now  accomplished 
by  four  levers  operated  by  cams.  While  the  mould-wheel  is  sta- 
tionary the  stampers  are  in  operation  at  a  group  previously  filled,  and 
while  the  wheel  is  moving  the  stampers  are  held  in  suspension. 

An  engine  of  15  horse-power  is  claimed  to  be  sufficient  to  disin- 
tegrate and  elevate  the  clay  and  drive  the  machine  at  the  rate  of 
25,000  bricks  in  10  hours,  requiring  a  little  more  than  i  J^  revolutions 
of  the  mould-wheel  per  minute.  The  weight  of  this  machine  is  about 
18,000  pounds  (9  net  tons),  and  its  price  $iqqo  to  ^3500. 

F.  L.  &  D.  R.  Carnell,  Philadelphia,  Pa, 

Though  not  regularly  entered  for  competition,  and  therefore  not 
entitled  to  an  award  under  the  rules,  the  Peerless  Brick  Machine  was 
represented  by  a  working-model  in  charge  of  F.  L.  &  D.  R.  Carnell, 
exhibitors  of  brick  hand-presses,  and  the  machine  itself  was  examined 
in  operation  in  the  Peerless  Brick  Company's  yard  in  Philadelphia. 

It  consists  essentially  of  an  upright  cylindrical  pugging-mill,  armed 
in  the  usual  manner  with  spirally-set  knives,  which  mix  and  temper 
the  clay  and  force  it  down  to  and  below  a  segmental  false  bottom  placed 
in  the  lower  part  of  the  cylinder.  In  this  space,  a  few  inches  in  depth, 
between  the  false  and  the  true  bottom  of  the  mill,  works  a  kind  of 
cam,  called  a  pusher,  attached  to  the  pug-mill  shaft.  This  pusher,  the 
front  edge  of  which  is  convex,  forces  the  clay  from  the  pugging-mill 
horizontally  out  through  a  die  or  mouth-piece  into  a  mould.  While 
the  clay  is  being  acted  on  by  this  outward  pressure  of  the  pusher  a 
stop  temporarily  closes  the  space  under  the  false  bottom,  like  a  p)ar- 
tition,  thus  preventing  the  clay  from  going  all  the  way  around,  and 
causing  it  to  pass  out  through  the  die  into  the  mould  in  the  form  of 
a  bar,  of  which  the  breadth  and  thickness  correspond  to  the  length 
and  width  of  a  brick.  ^Inasmuch  as  the  pusher  acts  upon  the  clay 
intermittently,  the  bar  issues  forth  intermittently.  It  stops  at  regular 
intervals,  and  while  at  rest  six  bricks  are  cut  from  it  by  seven  thin  steel 
blades,  attached  to  a  horizontal  revolving  shaft,  which  severs  the  clay- 
by  passing  through  thin  slots  in  the  mould.  These  six  bricks  are 
delivered  alternately  on  the  right  hand  of  the  machine  and  then  on 
the  left,  the  full  mould  giving  place  to  an  empty  one  in  time  for  the 
latter  to  receive  the  bar  of  clay  when  it  resumes  its  motion. 

The  different  parts  of  the  machine  are  shown  in  the  drawings.  Figs. 
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I  to  10  inclusive,  in  which  B  is  the  cylinder  of  pug-mill ;  a  the  ver- 
tical shaft  armed  with  spirally-set  knives  to  cut^and  temper  the  clay 
and  force  into  the  space  under  the  false  bottom  D,  Fig.  5  ;  E  (shown 
by  broken  lines,  Fig.  5)  the  convex  pusher  attached  to  shaft  a;  and 
G  the  movable  stop  rigidly  attached  to  the  vertical  rod  d.  To  the 
same  rod  is  secured  an  arm,  H,  carrying  stud-roller  e  on  its  under 
side  at  the  outer  end.  This  roller  bears  on  a  cam,  /,  Fig.  7,  attached 
to  the  shaft  a  below  the  bottom  of  the  pug-mill. 

The  shaft  of  the  pug-mill  revolves  in  the  direction  of  the  arrow- 
head, Fig.  5.  As  the  clay  is  forced  toward  the  mouth-piece  or  die  b 
by  the  pusher  £,  the  stop  G  prevents  it  from  going  around  continu- 
ously under  the  false  bottom,  but  compels  it  to  issue  forth  through 
the  die.  These  parts,  E  and  G,  by  their  motion,  produce  a  safety- 
valve  at  the  proper  time,  so  that  any  excess  of  clay  fed  down  by  the 
pug-mill  knives  is  returned  for  the  next  charge,  and  fed  in  again  at  the 
next  revolution  of  the  pusher.  This  pusher  is  seen  in  Fig.  5,  for,  as 
the  pusher  advances  under  the  false  bottom  D,  it  presses  out  the  stop 
G  before  it,  and  when  the  point  of  the  pusher  has  passed  the  side,  Y, 
of  the  die,  there  is  room  behind  the  pusher  for  any  excess  of  clay  to 
escape  and  remain  for  the  next  charge.  As  soon  as  the  pusher  after 
passing  the  die  has  cleared  the  stop  G,  the  cam  /,  acting  upon  the 
roller  e  and  arm  //,  at  once  forces  the  stop  inward  to  its  original  posi- 
tion. Motion  is  given  to  the  machine  by  the  shaft  Z,  which  carries 
a  worm,  K,  working  into  a  cog-wheel,  y,  attached  to  the  pug-mill 
shaft.  The  shaft  0,  Fig.  4,  which  carries  various  cams  for  working 
the  other  part  of  the  machine,  receives  its  motion  from  the  pug- 
mill  shaft  through  the  beveled  cog-wheels  M  and  N,  P  represents 
a  movable  carriage  sliding  on  guides  in  the  frame  A^  and  having 
attached  to.  each  end  of  it  a  mould,  R,  which  is  open  on  the  side 
towards  the  die  ^,  and  forms  a  solid  abutment  on  the  opposite  side 
against  which  the  clay  is  pressed.  The  other  two  sides,  or  rather 
the  ends  of  the  moulds,  are  formed  of  pieces  provided  with  vertical 
slots,  and  the  bottom  piece  of  the  mould  is  grooved  to  form  continu- 
ations of  the  slots.  This  bottom  piece,  5,  is  a  follower,  raised  and 
lowered  at  the  proper  time  by  means  of  two  cams,  7)  7",  Fig.  3,  oper- 
ated by  the  pinions  i  i.  The  stationary  slat-work  V  forms  the  top 
of  each  mould  in  succession,  and  above  this  slat-work  is  a  cross-shaft, 
Wf  carrying  a  series  of  thin  knives,  which  revolve  with  the  shaft,  and, 
passing  between  the  slats  and  through  the  bar  of  clay,  divide  the 
latter  into  bricks.  The  carriage  P  then  moves  to  one  end  of  the  ma- 
chine, the  follower  5"  rises  up,  lifting  the  bricks  with  it,  when  they  are 
pushed  off  on  to  a  board  by  a  cross-bar,  Z,  attached  to  beads  A^  A} 
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which  slides  in  grooves.  The  cross-bar  is  worked  back  and  forth  by 
the  rock-shaft  C\  C\  through  the  medium  of  the  links  h  h  and  the 
arms  B^  B^,  The  carriage,  followers,  and  push-bars  are  operated  by 
the  following  means :  At  one  end  of  the  carriage  is  a  hinged  link,  k, 
the  outer  end  of  which  is  pivoted  to  an  elbow-lever,  Z?\  pivoted  to  a 
rock-shaft,  E}.  The  elbow-lever  L^  is,  by  a  rod,  w,  connected  with 
the  upper  slotted  end  of  a  straight  lever,  d?,  attached  at  its  lower  end 
to  a  rock-shaft,  H^,  The  two  levers  G^  (P  are  connected  by  means  of 
a  bar  or  rod,  «,  as  shown  in  Fig.  3,  and  in  the  slot  of  each  lever  is 
mounted  a  roller,/,  for  a  cam,  /',  to  operate  against  said  cam,  being 
secured  on  the  shaft  0,  By  the  revolution  of  this  shaft  the  cam 
P  operates  alternately  on  the  two  rollers  //,  to  move  the  carriage 
endwise  a  suitable  distance  to  bring  first  one  mould,  R^  and  then  the 
other  mould  opposite  the  die  or  mouth-piece  b. 

To  insure  that  the  carriage  shall  stop  and  be  held  stationary  at  the 
exact  point  where  the  moulds  will  be  opposite  the  die,  so  that  the 
sides  of  the  die  and  sides  of  the  mould  will  be  flush  with  each  other, 
the  shaft  O  is  provided  with  two  cams,  y^  ^^,  each  of  which  operates 
an  arm,  K^,  vertically  up  and  down  by  means  of  a  roller,  S,  mounted 
on  a  stud  in  the  side  of  the  arm,  and  working  in  the  cam.  The  arm 
K^  moves  in  suitable  guides,  and  its  upper  end  is  pointed  or  V-shaped, 
as  shown  in  Fig.  6.  When  the  carriage  arrives  in  position  to  bring 
either  mould  opposite  the  die,  the  arms  K^  are  raised  by  the  cams  y^, 
so  that  their  pointed  ends  will  enter  correspondingly-shaped  notches, 
/,  in  the  under  side  of  the  carriage,  and  hold  it  perfectly  rigid  while 
the  clay  is  being  forced  into  the  moulds,  and  while  the  knives  are 
cutting  the  clay  into  bricks.  As  an  additional  security  against  any 
vibration  or  movement  of  the  carriage  while  the  arms  K^  are  being 
raised  and  lowered,  a  hook,  w,  pivoted  to  the  inside  of  frame  A 
catches  on  a  pin,  7/,  in  the  side  of  the  carriage.  This  hook  is  raised 
and  lowered  by  having  a  stud  and  roller,  x,  working  in  a  cam,  D,  on 
the  knife-shaft  W, 

The  grooved  cams  T,  which  raise  and  lower  the  followers  5  in  the 
moulds,  are  secured  on  a  shaft,  j,  to  the  inner  end  of  which  is  attached 
an  arm,  .sr,  and  this  arm  is,  by  a  rod,  a^,  connected  with  a  lever,  J/\ 
pivoted  at  its  lower  end  to  the  frame,  and  provided  near  its  upper  end 
with  a  stud  and  roller,  ^\  that  works  in  a  cam,  iV^,  on  the  shaft  0, 
By  these  means  the  followers  in  the  two  moulds  are*  raised  and  lowered 
at  the  proper  time,  it  being  understood  that  the  mechanism  just  de- 
scribed is  the  same  at  both  ends  of  the  machine,  and  the  rollers  b^ 
of  the  two  levers  M^  both  work  in  the  same  cam,  N^, 

On  the  rear  end  of  the  shaft  0  is  secured  a  cam,  0\  in  which  work 
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two  Studs  and  rollers,  rf\  attached  to  the  lower  ends  of  two  elbow- 
levers,  P^  P^^  mounted  upon  posts  projecting  from  the  frame.  The 
other  arms  of  these  levers  are,  by  rods  e^  ^^  connected  with  arms/^/^, 
attached  to  the  shafts  C^  C^,  These  shafts  having  the  arms  B^,  to 
which  the  push-bars  Z^  are  connected,  the  push-bars  move  at  the 
proper  times  to  move  the  bricks  from  the  moulds.  The  knife-shaft 
W^is  rotated  by  suitable  gearing,  R^  R^,  from  the  shaft  0, 

The  operation  of  the  machine  is  briefly  as  follows :  The  machine 
being  in  motion,  the  knives  C  on  the  shaft  a  in  the  pug-mill  cut  the 
clay  and  force  it  downward  until  the  pusher  £  presses  the  mould  full 
that  is  then  opposite  the  die  or  mouth-piece  6.  As  soon  as  the  mould 
is  full,  and  the  pusher  E  has  passed  the  mouth  of  the  die,  the  knives 
Fdescend  through  the  slat- work  F,  and  through  the  slots  and  grooves 
of  the  mould,  cutting  the  clay  into  the  proper  size  for  bricks.  Just 
before  the  knives  clear  the  clay,  the  arms  K^  are  moved  downward 
to  clear  the  notches  /  therein,  and  when  the  knives  have  entirely 
cleared  the  moulds,  the  hook  W  is  raised  by  its  cam  from  off  the 
pin  V,  The  carriage  will  then  be  moved  so  as  to  bring  the  other 
mould  opposite  to  the  die  or  mouth-piece  d,  and  while  this  mould  is 
being  filled  and  the  clay  cut,  the  followers  5  in  the  first  mould  are 
raised  by  its  cams  7",  and  the  brick  then  pushed  off  by  the  push-bar 
Z.  The  various  cams  mentioned  are  constructed  in  the  following 
manner :  The  cam  /,  which  forces  the  stop  G  inward,  is  shown  in 
Fig.  7,  and  has  a  semicircle,  ^,  concentric  with  the  shaft  «,  and  from 
each  end  of  the  semicircle  is  a  straight  side,  ^,  extending  radially,  in 
ward  for  a  suitable  distance,  and  then  a  smaller  semicircle,  aP,  in  the 
opposite  direction,  also  concentric  with  the  shaft  a.  The  cams  7)  for 
operating  the  followers  5"  in  the  moulds,  are  shown  in  Fig.  3,  and 
consist  simply  of  curved  concentric  flanges,  ^  ^,  between  which  the 
rollers  /  on  the  followers  are  caught  and  pass  as  the  cams  revolve. 
The  cams  3^,  for  operating  the  bars  /r\  are  constructed,  as  shown 
in  Fig.  9,  with  two  quarter-circles,/^/*,  of  the  same  diameter,  and 
concentric  with  the  shafts  O,  upon  which  the  cams  are  secured.  The 
two  quarter-circles,  /*,  are  connected  by  curves,  A'  A',  and  straight 
portions,  i^  P,  at  each  end  of  the  curve. 

The  cam  L^  on  the  knife-shaft  W,  for  operating  the  hook  w,  is 
shown  in  Fig.  10,  and  has  a  groove,  P,  of  nearly  three-fourths  of  a 
circle,  and  concentric  with  the  shaft,  the  two  ends  of  the  groove 
being  connected  by  an  irregular  groove,  w*,  which  causes  the  hook 
to  lift  off  of  the  pin  F  instantaneously,  and  return  it,  in  like  manner, 
into  the  pin,  where  it  remains,  while  the  roller  x  of  the  hook  passes 
through  the  three-quarter  circular  groove  >6*.     The  cam  .A^*,  which 
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operates  the  cams  7",  is  shown  in  Fig.  8,  and  is  constructed  with  a 
groove,  r^y  about  two-thirds  of  a  circle,  and  concentric  with  the  shaft 
Oy  on  which  the  cam  iV*  is  secured.  From  the  ends  of  the  groove  «' 
extend  two  parallel  grooves,  /*/*,  the  outer  ends  of  which  are  con- 
nected by  a  curved  groove,  5^.  In  these  grooves  work  the  rollers 
b^  of  the  levers  J/',  for  imparting  the  proper  motion  to  them.  The 
cam  0\  for  operating  the  pusher-bars  Z^  is  shown  in  Fig.  I,  and  has 
a  two-thirds  circular  groove,  f^  connected  by  means  of  two  inwardly- 
inclined  grooves,  v^  v^. 

The  machine  delivers  a  stiflf  plastic  brick  at  the  rate  of  18,000  to 
20,000  in  10  hours.  Its  weight  is  about  8000  pounds,  and  its  price  is 
JI3500.  The  use  of  a  roller-mill  in  connection  with  it  is  recom- 
mended, so  that  the  lumps  of  clay  and  the  small  stones  may  be  pul- 
verized and  the  large  stones  thrown  out. 

The  machine  was  not  seen  at  work  under  favorable  conditions, 
having  been  specially  started  for  the  Judges,  after  a  season  of  disuse. 
It  however  showed  itself  capable  of  doing  good  work. 

Isaac  Gregg,  Jr.,  &  Co.,  Philadelphia^  Pa, 

This  firm  exhibited  a  working  model  of  their  "Combination  Brick- 
Machine  ;"  and  the  machine  itself,  which  belongs  to  the  class  which 
operates  upon  crude  clay  in  a  moist  state,  was  seen  at  work  in  the 
yard  at  Thirty-first  Street  and  Lehigh  Avenue,  Philadelphia. 

The  machine  consists  essentially  of  a  horizontal  revolving  mould- 
table,  made  of •  cast-iron,  containing  a  number  of  brick-moulds  near  . 
the  perimeter,  into  which  the  clay  is  fed  in  succession,  usually  by 
hand  from  a  hopper.  The  pressure  is  applied  by  means  of  plungers 
operated  from  below.  Each  brick  receives  three  compressions,  the 
last  one  leaving  it  one- eighth  inch  thinner  than  the  second  pressure. 
After  the  last  compression  the  brick  is  expelled  upward  and  delivered 
on  the  top  of  the  mould-table,  and  is  then  removed  by  hand.  It  is 
claimed  that  this  machine  will  work  equally  well  in  either  tough  or 
weak  clay,  and  that  it  will  produce  a  fair  face  brick  without  the  neces- 
sity of  resorting  to  hand-pressing,  bypassing  the  bricks  a  second  time 
through  the  machine  after  they  have  been  dried  a  few  hours.  Each 
mould,  after  delivering  its  brick,  is  automatically  cleaned  out  with  an 
oiled  sheep*s-pelt.  With  8  moulds  in  the  table,  10,000  bricks  can  be 
produced  in  10  hours.  An  engine  of  one-horse  power  will  run  a 
machine  of  this  capacity. 

In  the  accompanying  drawings  Fig.  i  is  an  elevation  of  the  ma- 
chine ;  Fig.  2,  a  plan  of  bed-plate,  showing  inclined  plane  and  press- 
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ure  cams ;  Fig.  3,  a  vertical  central  section ;  and  Fig.  4,  a  top  view  of 
mould-table. 

The  machine  is  mounted  upon  an  annular  bed-plate,  A,  which  is 
substantially  secured  to  a  suitable  foundation.  A  circular  mould- 
table,  B,  provided  with  a  series  of  mould-boxes,  B^,  is  mounted  upon 
an  upright  stationary  shaft,  ^\  secured  to  the  bed-plate  A^  and  is  free 
to  rotate  around  the  shaft.  A  spur-wheel,  -ff*,  is  formed  upon  the 
periphery  of  the  mould-table,  to  which  an  intermittent  rotary  move- 
ment is  imparted  by  a  mutilated  spur-pinion,  C*,  which  meshes  into 
the  spur-wheel  ^.  The  pinion  C^  is  mounted  upon  an  upright  shaft, 
C,  which  is  rotated  by  the  driving-shaft  D,  through  the  intermediation 
of  the  mitre  gear-wheel  c  and  d.  The  mould-boxes  B^  are  respect- 
ively provided  with  followers,  each  of  which  is  secured  upon  an 
upright  stem,  -ff*.  Friction  rollers  are  fitted  to  the  bottom  of  the  stems 
to  facilitate  their  circular  traverse,  and  the  pins  b  are  projected  to 
draw  the  followers  to  their  lowest  extremity,  as  will  be  hereafter 
described. 

The  driving-shaft  D  carries  a  pulley,  -D^,  to  which  the  motive-power 
is  applied,  and  is  provided  at  its  end  nearest  the  centre  of  the  machine 
with  a  bevel-wheel,  tf\  which  meshes  into  corresponding  wheels,  e^f^ 
respectively  secured  upon  the  horizontal  shafts  E  F^  which  rotate  in 
bearings  upon  the  bed-plates.  A  bolt  or  detent,  (T,  secured  in  a  guide 
upon  the  frame  is  operated  by  a  cam,  C,  secured  to  the  upright  shaft 
C,  The  end  of  this  detent  G  is  V-shaped,  to  fit  corresponding  open- 
ings, g,  in  the  ends  of  the  mould-boxes.  When  the  teeth  of  the  muti- 
lated spur-pinion  C^  are  in  gear  with  the  spur-wheel  •^,  the  cam  C* 
holds  the  detent  out  of  gear  so  as  to  admit  of  the  rotation  of  the 
mould-table ;  but  as  soon  as  the  latter  ceases  to  rotate  the  cam  causes 
the  detent  G  to  be  projected  into  the  openings  provided  in  the  mould- 
boxes,  and  the  mould-table  is  thereby  held  stationary. 

In  the  rotation  of  the  mould-table,  which  is  in  the  direction  of  the 
arrows,  Fig.  2  and  Fig.  4,  the  follower-stems  j5*  traverse  a  series  of 
circular  inclines,  bearing-pieces  and  cam-yokes,  the  relative  arrange- 
ment of  which  is  as  follows:  Beginning  at  the  point  marked  *  on  Fig. 
2,  the  follower-stems  first  ascend  the  incline  H,  from  which  they  pass 
to  and  over  the  cam-yoke  e^.  This  yoke  is  located  immediately  above, 
and  periodically  elevated  by,  a  cam,  ^,  the  stems  pass  to  and  over  the 
segmental  bearing-piece  H^,  which  is  slightly  inclined  upward  in  the 
direction  of  the  rotation.  The  stems  next  pass  to  and  over  another 
cam-yoke,  rf\  located  above,  and  operated  by  a  cam,  d}^  on  the  shaft  -O, 
the  throw  of  the  cam  d^  being  greater  than  that  of  the  cam  ^;  thence 
over  another  inclined  bearing-piece,  IP^  to  and  over  a  third  cam-yoke. 
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/*,  operated  by  the  cam  /*,  on  the  shaft  F,  the  throw  of  the  cam  /* 
being  again  a  little  greater  than  that  of  the  cam  d^.  Then  the  follower- 
stems  traverse  over  the  ascending  incline  //*  to  a  bearing-piece,  H^^ 
and  thence  down  a  descending  incline,  H^^  to  the  point  where  the 
mould-boxes  are  oiled  previous  to  being  filled  with  fresh  clay.  Flanges 
If  upon  the  incline  H^  engage  the  pins  b^  of  the  follower-stems,  and 
thereby  maintain  the  ends  of  the  latter  in  contact  with  the  incline  H* 
during  their  descent. 

A  pressure-plate,  /,  extends  over  the  top  of  the  mould-boxes  B^^ 
with  the  exception  of  such  a  number  as  may  be  necessary  to  have 
uncovered  for  oiling  and  cleaning,  feeding  the  clay,  and  the  removal 
of  the  finished  bricks.  The  pressure-plate  is  held  in  position  and 
strengthened  by  braces,  /^  secured  to  columns,  P,  and  the  upright 
frame  mounted  upon  the  bed-plate. 

A  gauge  or  scraper,  y,  is  attached  to  the  end  of  the  pressure-plate 
to  remove  the  superfluous  clay  from  the  mould-boxes  as  they  pass 
beneath  the  pressure-plate,  and  a  hopper  is  provided  from  which  the 
clay  is  fed  to  the  mould-boxes  by  an  attendant.  The  oiler  N  is  inter- 
mittently  reciprocated  by  means  of  the  cam-yoke  M,  crank-pin  wi, 
rod  w\  and  levfer  AP. 

In  the  continuous  operation  of  the  machine,  it  will  be  seen  that 
while  the  clay  is  being  fed  to  one  mould-box,  the  clay  in  another 
box  is  undergoing  the  preliminary  pressure ;  that  the  clay  in  a  third 
box  is  receiving  the  se^cond  pressure ;  that  in  the  fourth  box  it  receives 
the  final  pressure ;  and  that  in  a  fifth  box  the  brick  is  being  expelled. 

The  number  of  boxes,  and  number  of  moulds  in  each  box,  can  be 
increased,  thereby  adding  to  the  capacity  of  a  machine  at  a  small 
additional  expense.  A  machine  wjth  6  moulds  has  a  capacity  for 
making  about  10,000  bricks  per  day.  The  machine  is  simple  in  all  its 
parts;  not  liable  to  get  out  of  order;  requires  only  small  power  to 
run  it;  the  wear  and  tear  is  moderate;  it  requires  no  skilled  labor, 
and  is  adapted  to  work  all  kinds  of  clay,  strong  or  weak,  with  equal 
facility. 

The  Excelsior  Brick  and  Stone  Company,  Philadelphia,  Pa, 

This  company  exhibited  a  model  of  their  brick-machine,  and 
afibrded  an  opportunity  to  witness  the  operations  of  the  machines  in 
their  yard  in  Philadelphia.  Four  of  them  are  at  work  in  this  city,  two 
in  Chicago,  one  in  Richmond,  Va.,  and  one  in  St.  Louis,  Mo.,  all  of 
the  same  pattern  and  capacity. 

The  machine  has  2  sets  of  moulds,  7  in  each  set,  fixed  in  an  alter- 
nating carriage  that  passes  under  a  feeder  which  fills  the  moulds  with 
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clay;  and  these,  when  filled,  pass  and  repass  under  a  transversing 
pressure-wheel  that  gives  to  the  brick  in  the  mould  two  distinct 
downward  pressures.  To  the  plate  bottom  of  each  mould  is  attached 
a  piston,  which  is  made  to  pass  up  an  inclined  plane  as  the  carriage 
moves  to  its  point  of  alternation,  and  as  these  pistons  move  on  that 
plane,  they  give  to  the  bricks  in  the  moulds  an  upward  pressure;  and 
•when  all  the  pistons  have  passed  the  summit  of  the  inclined  plane 
they  rest  on  the  level  plane  of  a  lever,  which  in  its  turn  lifts  the  bricks 
to  the  surface  of  the  moulds,  from  whence  they  are  removed  by  means 
of  a  sweep.  The  feeder  is  supplied  with  clay  by  elevators,  which  get 
their  supply  from  the  pit  of  two  grinding-rollers,  which  take  the  clay 
fresh  from  the  bank  a(id  prepare  it  for  the  moulds.  The  bricks  pro- 
duced are  stiff,  and  slightly  plastic,  not  differing  materially  in  these 
respects  from  those  turned  out  by  other  crude-clay  machines. 

It  has  a  productive  capacity  of  30,000  bricks  in  10  hours,  and  can 
be  run  considerably  beyond  that  number.  It  does  not  appear  to  give 
as  regular  and  sharp  edges  to  the  bricks  as  the  Isaac  Gregg,  Jr.,  and 
the  Wm.  L.  Gregg  machines. 

This  Excelsior  machine  was  invented  by  Wm.  L.  Gregg,  who  states 
that  no  more  of  them  are  to  be  manufactured,  as  it  is  intended  to 
replace  those  in  the  market  by  the  triple-pressure  machine  described 
below. 

Gregg's  Triple- Pressure  Brick-Machine,  Philadelphia,  Pa, 

Wm.  L.  Gregg,  of  Philadelphia,  exhibited  his  triple-pressure  brick- 
machine  in  complete  working  order.  It  consists  essentially  of  an  in- 
termittently revolving  mould-table,  with  suitable  devices  for  filling  the 
moulds  with  clay ;  for  compacting  the  clay  by  pressure  from  above 
and  below ;  for  compensating  for  unequal  filling  of  the  moulds  by 
yielding  plungers,  which  impress  upon  the  sides  of  the  brick  panels 
or  recesses  with  depths  varying  with  the  quantity  of  clay  in  the 
mould;  and  finally  for  expelling  the  bricks  upward  from  the  moulds 
to  the  level  of  the  upper  surface  of  the  mould-table. 

In  the  accompanying  drawings  Fig.  i  is  a  perspective  view  of  the 
machine ;  Fig.  2  a  vertical  section  on  the  line  ;r;r  of  Fig.  4;  Fig.  3  a 
vertical  section  on  the  line  yy  of  Fig.  4;  Fig.  4  a  sectional  plan 
taken  just  above  the  mould-table ;  Fig.  5  a  view  of  the  triple  crank 
and  connection  for  giving  the  final  pressure  to  the  brick ;  and  Fig.  6 
a  section  on  an  enlarged  scale  of  the  device  for  paneling  the  bricks. 
The  bed-plate  U  is  connected  by  columns  Fto  an  upper  frame,  W, 
A  lighter  frame,  X,  secured  to  the  columns  F,  carries  a  central  cylin- 
drical bracket,  Y^  and  the  circular  mould-table  A  is  secured  upon  the 
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vertical  shaft  A},  and  rotates  in  the  step  u,  on  the  bed-plate,  a  a  are 
mould-boxes,  in  groups,  near  the  rim  of  the  mould-table.  Each  set 
of  mould-boxes  is  provided  with  a  series  of  pistons,  /,  one  for  each 
box,  working  from  the  lower  side  upward  therein,  the  separate  pistons 
of  each  set  being  secured  to  blocks,/,  carrying  rollers, /\  which 
traverse  upon  a  circular  track,  K,  An  intermittent  rotary  motion  is 
given  to  the  mould-table  in  the  following  manner :  A  driving-shaft,. 
g,  is  mounted  in  bearings  in  the  frame  //,  and  carries  a  fast  and  a  loose 
pulley  ^,^,  for  the  reception  of  a  belt  for  transmitting  the  power  from 
any  suitable  prime  mover.  A  bevel-pinion,  G*,  upon  the  driving-shaft 
g  gears  into  a  larger  wheel,  G^,  upon  the  vertical  shaft  G.  A  connect- 
ing rod,  A\  is  journaled  at  one  end  to  a  crank  upon  the  shaft  G,  and 
at  the  other  end  to  a  rocker-arm,  D,  which  is  loose  upon  th«  shaft  A^, 
and  carries  a  pawl,  d,  upon  its  outer  end.  The  shafts  6^  and  A^  are  so 
located  relatively  to  each  other,  and  the  lengths  of  the  crank  and 
rocker-arm  are  so  proportioned,  that  each  revolution  of  the  crank-shaft 
oscillates  the  rocker-arm  forward  and  backward  one-eighth  of  a  revolu- 
tion. At  each  forward  movement  of  the  rocker-arm  its  pawl  engages 
one  of  eight  ratchet-teeth,  a^,  on  the  upper  portion  of  the  mould- 
table,  said  ratchet-teeth  being  placed  thereon  at  equal  distances  apart 
in  a  circle,  the  radius  of  which  is  equal  to  the  length  of  the  rocker- 
arm  D,  The  mould-table  will,  therefore,  be  moved  forward  for  one- 
eighth  of  a  revolution  by  each  forward  movement  of  the  rocker-arm, 
and  will  remain  stationary  while  the  latter  is  making  its  backward 
movement. 

A  bevel-gear,  a',  is  formed  upon  or  secured  to  the  periphery  of  the 
mould- table  A,  and  gears  with  a  corresponding  pinion,  B^,  upon  a  hori- 
zontal shaft,  -5\  which  shaft  also  carries  a  press-wheel,  B,  and  a  bevel- 
wheel,  B^,  The  press-wheel  B  rotates  within  a  feed-box,  c,  and  its  shaft 
B^  rotates  in  vertically-sliding  boxes  placed  in  guides  in  the  sides  of  the 
feed-box,  being  pressed  downward  by  rubber  springs  and  adjusting 
screws,  r*.  The  object  of  this  elastic  adjustment  of  the  press-wheel 
shaft  is  to  insure  sufficient,  but  not  excessive,  pressure  being  applied 
by  the  press-wheel  to  compact  the  clay  in  the  mould-boxes  as  they  suc- 
cessively pass  beneath  it.  A  mixer-wheel,  C,  having  a  cylindrical  hub 
and  a  series  of  knives  and  beaters,  arranged  spirally  thereon,  is*  jour- 
naled in  the  feed-box  c,  and  is  rotated  rapidly  by  means  of  gear- 
wheels^' ^  upon  the  shaft  d,  one  of  which  wheels,  6^,  meshes  with  the 
bevel-wheel  B^  and  the  other  with  a  corresponding  wheel  upon  the 
shaft  of  the  mixer-wheel.  The  mixer-wheel  is  arranged  in  advance 
of  the  press-wheel, — that  is  to  say,  in  such  relative  position  thereto 
that  in  the  traverse  of  the  mould-table  the  mould-boxes  will  pass 
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beneath  it  before  reaching  the  press-wheel,  and  in  the  opposite  end  of 
the  mould-box  a  knife  is  provided  to  remove  the  surplus  clay  from 
tlie  mould-boxes  after  they  have  passed  the  press-wheel. 

The  clay,  having  been  fed  into  the  mould-boxes  from  the  feed-box, 
compacted  therein  by  a  light  pressure  from  the  press-wheel,  and  the 
surplus  removed  by  the  knife  (these  operations  being  performed  during 
the  rotation  of  the  mould-table),  is  next  subjected  to  two  successive 
pressures  in  the  following  manner:  A  bevel-gear,  £*,  turns  loosely 
upon  the  shaft  A\  immediately  below  the  upper  frame,  and  is  provided 
with  four  ratchet-teeth,  ^*,  set  at  equal  distances  apart  upon  its  lower 
side,  and  actuated  by  a  spring-pawl,  ^,  upon  the  free  end  of  a  rocker- 
arm,  E,  placed  loosely  upon  the  shaft  A^,  The  rocker-arm  is  coupled 
to  a  pin  upon  the  bevel-gear  G^  by  a  connecting-rod,  k,  and  is  oscil- 
lated thereby,  so  that  one  revolution  of  the  gear  G^  will  rotate  the 
bevel-gear  E^  one-fourth  of  a  revolution.  The  bevel-gear  £*  in  turn 
meshes  with  the  bevel-pinions  E^  E^,  each  one-fourth  the  diameter 
of  its  pitch  circle,  so  that  one-fourth  of  a  revolution  of  the  gear  E^ 
will  impart  one  revolution  to  said  bevel-pinions.  The  bevel-pinion 
E^  is  secured  upon  a  horizontal  shaft,  ^,  set  at  right  angles  to  the 
shaft  of  the  mixer-wheel,  and  the  pinion  E^  upon  another  horizontal 
shaft,  ^,  at  right  angles  to  the  shaft  ^,  and  directly  opposite  the  shaft 
of  the  mixer-wheel.  The  shaft  ^  rotates  in  bearings  upon  the  upper 
frame  W^  and  upon  an  outer  column,  F*,  and  the  shaft  ^  also  has 
its  bearings  upon  the  upper  frame,  and,  in  addition,  has  an  outer 
bearing  supported  by  columns.'  The  ratchets  upon  the  mould-table 
and  bevel  gear-£^  are  so  disposed,  relatively  to  each  other,  that  when 
the  mould-table  is  in  motion  the  bevel-gear  is  stationary,  and  vice 
versa,  • 

The  details  of  the  mechanism  for  applying  the  second  pressure  are 
shown  in  Fig.  2.  A  horizontal  pressure-plate,  Z,  is  pivoted  at  one  end 
to  the  central  bracket  Yy  and  is  raised  and  lowered  by  means  of  toggle- 
joint  levers  m^m,  which  connect  its  free  end  with  the  rod /"of  a  cam, 
F,  on  the  shaft  ^.  When  lowered  by  the  cam  and  levers,  the  pressure- 
plate  is  applied  and  held  firmly  to  the  top  of  the  set  of  mould-boxes 
beneath  it,  and  when  raised  it  is  entirely  clear  of  the  mould-table,  so 
as  to  oppose  no  resistance  to  the  movement  thereof.  Simultaneously 
with  the  application  of  the  pressure-plate  to  the  tops  of  the  mould- 
boxes,  pressure  is  applied  to  their  pistons  from  below  by  a  plunger 
working  in  guides  through  an  opening  in  the  track  K^  and  operated 
by  toggle-joint  levers  //^,  pivoted  to  the  plunger,  the  bed-plate,  and 
the  rod/^  of  a  cam,  F^^  on  the  shaft  ^.  The  plunger  in  its  upward 
movement  compresses  the  clay  in  the  mould-boxes,  and  in  its  down- 
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ward  movement  is  drawn  clear  of  the  piston-blocks  before  the  mould- 
table  comrhences  its  movement. 

The  details  of  the  mechanism  for  applying  the  third  and  final 
pressure  to  the  clay,  and  for  recessing  or  paneling  the  bricks,  are 
shown  in  Figs.  4,  5,  and  6.  In  this  instance  a  lower  pressure-plate, 
P^  is  hinged  at  one  end  to  a  standard,  Z,  upon  the  bed-plate,  and  has 
a  pin  upon  its  opposite  end  connected  by  a  link,  /*,  to  a  triple  crank, 
0,  from  which  a  connecting-rod,  /*,  extends  to  a  cam,  F^,  on  the 
shaft  ^.  A  plunger,  k,  passing  through  an  opening  in  the  track  AT, 
rests  upon  the  pressure-plate  P,  and  is  applied  and  held  firmly  to  the 
bottom  of  the  piston-block  of  the  mould-boxes  by  the  cam  F^, 

When  the  pressure-plate  P  is  lowered,  it  rests  upon  a  short  column, 
/*\  on  the  bed-plate.  A  pressure-box,  M,  is  pivoted  at  one  end  to 
the  bracket  F,  and  connected  at  the  other  end  by  a  link,  /,  to  one 
arm  of  the  triple  crank  (9,  so  as  to  be  applied  to  and  held  against 
the  top  of  the  mould-table  at  the  same  instant  as  the  plunger  k  is 
applied  to  the  piston-block.  A  series  of  guides  are  formed  in  the 
pressure-box -^at  such  a  point  therein  that  each  guide  shall  be  imme- 
diately above  one  of  the  mould-boxes  of  a  set  when  the  mould-table 
is  stationary.  Each  guide  serves  to  contain  and  direct  a  small  plunger, 
//,  the  bottom  of  which  plunger  is  of  such  form  and  dimensions  as 
may  be  desired  for  the  panel  or  recess  to  be  made  in  the  brick.  A 
rubber  spring,  «\  is  placed  upon  the  top  of  each  plunger,  and  a  plate, 
«^,  rests  upon  the  springs  «\  The  plate  «'  and  the  plunger  n  are 
pressed  down  by  toggle-joint  levers  o  o^,  pivoted  to  the  upper  frame 
IV,  and  to  the  rod/^  of  a  cam,  /^,  on  the  shaft  ^. 

By  means  of  the  mechanism  just  described,  the  clay  is  compressed 
between  the  pistons  /and  pressure-box  M,  and  held  there  while  the 
panels  or  recesses  are  sunk  in  the  upper  faces  of  the  bricks,  the  addi- 
tional pressure  of  the  plungers  n,  as  modified  and  regulated  by  the 
interposition  of  the  springs  n^,  serving  to  insure  equal  density  and 
equal  outside  dimensions  to  the  bricks  in  the  several  mould-boxes, 
irrespective  of  the  amount  of  clay  in  each,  as  a  deeper  panel  will  be 
sunk  if  there  is  not  sufficient  clay  in  a  mould-box,  or  a  shallower  one 
if  too  much. 

The  final  operations  of  expelling  the  finished  bricks  from  the  mould- 
boxes  and  removing  them  from  the  mould-table  are  performed  by 
mechanism  shown  in  Figs,  i  and  2.  The  pistons  of  the  mould-boxes 
are  elevated  high  enough  to  bring  the  lower  edges  of  the  bricks  to  the 
level  of  the  top  of  the  mould-table  by  a  plunger,  ^,  which  is  connected 
by  a  link,  g^,  with  a  crank,  r^,  on  a  horizontal  shaft,  r,  which  shaft  is 
oscillated  in  its  bearings  by  a  cam,  F^,  the  frame  of  which  is  connected 
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by  a  rod,  /*,  with  a  crank,  r*,  on  the  shaft  r.  The  plunger  passes 
through  an  opening  in  the  track  K,  and,  when  raised,  bears  against 
the  bottom  of  the  piston-block,  and  thereby  elevates  the  pistons  of 
the  mould-boxes  to  the  desired  height.  As  soon  as  the  bricks  are 
raised  to  the  upper  level  of  the  mould-table  they  are  pushed  off  the 
same  by  a  sliding  plate,  R,  moving  on  horizontal  guides  5,  and  oper- 
ated by  a  cam,  /^*,  upon  the  shaft  ^\  the  plate  being  connected  to  a 
horizontal  rock-shaft,  T,  by  links  R^  R?.  The  rock-shaft  and  cam  are 
connected  by  a  rocker-arm.  i?,  and  connecting-rod.  Fig.  2.  The 
bricks  may  be  received  either  upon  boards  or  upon  an  endless  con- 
veyer-belt as  they  are  pushed  off  the  table  by  the  plate  R, 

In  the  operation  of  the  machine,  as  before  stated,  the  clay  is  fed  to 
the  mould-boxes,  compacted  therein,  and  the  superfluous  clay  re- 
moved by  the  knife  while  the  mould-table  is  in  motion.  The  subse- 
quent pressing  and  paneling  of  the  bricks,  and  their  removal  from  the 
mould-boxes  and  table,  are  all  effected  during  the  intervals  pf  rest  of 
the  mould-table,  these  operations  being  respectively  performed  simul- 
taneously on  the  clay  in  different  sets  of  mould-boxes.  The  action 
of  the  machine  is  continuous  by  reason  of  the  progressive  movements 
of  the  mould-table.  The  machine  requires  the  clay  to  be  in  a  cer- 
tain condition  of  disintegration,  such  as  would  be  secured  by  passing 
crude  clay  just  from  the  bank  through  an  ordinary  roller-mill.  The 
bricks  produced  are  stiff  and  moderately  plastic.  The  machine  ex- 
hibited contained  8  groups  of  brick-moulds,  of  4  moulds  each.  Two 
revolutions  of  the  mould«table  per  minute,  yielding  38400  bricks  in 
10  hours,  is  believed  to  fairly  represent  the  productive  capacity  of  this 
machine,  when  operating  under  ordinarily  favorable  conditions.  With 
some  clays  it  could  be  pushed  to  from  44,000  to  45,000  in  10  hours. 
Its  price,  fitted  up  with  steel  moulds  and  a  roller-mill  and  elevator,  is 
JS3000,  which  does  not  include  a  small  royalty  on  the  bricks. 

Henry  Aiken,  Philadelphia,  Pa. 

Mr.  Aiken  exhibited  a  working-model  of  an  expressing  brick- 
machine.  The  machine  itself  was  not  seen  at  work,  and  therefore  its 
comparative  merits  cannot  be  asserted  in  positive  terms.  Its  price  is 
low,  and  its  average  productive  capacity  20,000  bricks  in  10  hours. 
The  cross-section  of  the  expressed  bar  is  the  length  by  the  breadth 
of  a  brick.  It  runs  out  upon  a  cutting-table  arranged  with  wires  to 
cut  off  eight  bricks  at  one  stroke,  and  in  the  act  of  cutting  the  bricks 
are  pressed  to  one  side,  forcing  back  the  eight  previously  cut  upon  a 
board,  on  which  they  are  carried  away. 

Mr,  Aiken  also  exhibited  a  working-model  of  a  clay-cleaning  and 
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tempering  mill,  which,  it  is  claimed,  will  thoroughly  separate  all  stones, 
roots,  and  pebbles  from  the  clay,  and  temper  it  ready  for  use  in  a  few 
minutes  after  it  leaves  the  bank.  The  mill  consists  essentially  of  a 
horizontal  pug-mill,  armed,  as  usual,  with  spirally-set  knives,  working 
in  both  directions,  from  the;  middle  towards  the  ends  of  the  mill,  so 
that  all  thrust  upon  the  bearings  of  the  shaft  is  eliminated.  The  case 
of  the  mill  is  cylindrical  at  the  middle  and  tapers  in  a  frustum  of  a 
cone  towards  each  end,  and  both  ends  are  open.  The  case,  or  at  least 
the  lower  half  of  it,  from  end  to  end,  is  composed  of  longitudinal 
bars,  which  form  a  grating,  through  which  the  clay  drops,  while  the 
stones,  roots,  etc.,  are  forced  forward  and  delivered  at  the  open  ends. 
(See  drawing.)  One  of  these  mills  will  clean  clay  enough,  ordinarily, 
to  keep  two  brick-machines  running. 

Roller-mills  for  disintegrating  the  clay  and  bringing  it  to  a  fit  con- 
dition for  making  bricks  have  been  referred  to.  They  are  sometimes 
called  crushing-rollers,  as  they  not  only  crush  and  grind  up  the  clay, 
but  they  are  generally  made  strong  enough  to  pulverize  any  small 
stones  which  pass  through  them,  while  the  larger  pebbles  are  rejected. 
These  mills  consist  of  one  or  two  pairs  of  iron  rollers,  which  may  be 
cylinders  or  frustums  of  cones,  the  rollers  of  each  pair  being  set  side 
by  side  in  a  strong  frame,  and  geared  or  belted  to  revolve  in  opposite 
directions  towards  each  other,  as  seen  from  above,  so  as  to  draw  the 
clay  down  between  them.  When  only  one  pair  of  rollers  is  used  they 
should  revolve  at  different  rates  of  speed,  usually  about  2  to  i,  so  as 
to  exert  not  only  a  crushing,  but  a  grinding  and  rubbing  effect.  In  a 
mill  of  two  pairs  of  rollers,  one  pair  is  placed  above  the  other,  and 
those  of  the  upper  pair  may  revolve  at  the  same  speed.  The  rollers 
are  generally  about  2^  to  3  feet  long  and  18  to  20  inches  in  diameter, 
and  the  clay  is  commonly  fed  to  them  through  a  hopper,  and  passes 
from  the  mill  to  an  endless-belt  elevator,  which  carries  it  directly 
to  the  hopper  of  the  brick-machine,  as  shown  in  the  drawing  of 
Schlickeysen's  machine  No.  2. 

Sometimes  conical  rollers  are  used  for  the  upper  pair  and  cylinders 
for  the  lower,  the  diameter  of  the  latter  being  about  the  same  as  the 
smallest  diameter  of  the  cone.  A  conical  roller  3  feet  long  may  be 
about  16  to  18  inches  in  diameter  at  one  end,  and  22  to  24  inches  at 
the  other.  Suitable  rates  of  speed  would  be  from  100  to  200  revolu- 
tions per  minute  for  one  of  the  rollers,  and  from  200  to  300  for  the 
other.  The  conical  shape  facilitates  the  separation  of  the  larger 
stones  by  throwing  them  off  at  the  larger  end  of  the  rollers. 
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CERAMIC  KILNS. 

The  best  kiln  for  any  special  purpose  is  undoubtedly  that  in  which 
the  requisite  intensity  of  heat  can  be  produced  and  maintained  under 
the  most  perfect  control  at  the  least  expense  for  fuel  and  labor. 
Judged  by  this  standard,  the  modern  kiln,  in  which  the  firing  takes 
place  by  successive  chambers,  and  the  waste  heat  from  one  chamber 
is  used  for  drying  and  gradually  heating  the  wares  in  those  which 
follow,  is  vastly  superior  in  economy  of  fuel,  simplicity  of  manage- 
ment, and  uniformity  of  burning, — whether  for  bricks,  fire-bricks, 
cement,  or  pottery, — to  the  best  kilns  in  use  twenty  yeaft  ago.  The 
advance  in  the  improvement  of  kilns  for  firing  bricks  has  been  fully 
as  great  as  in  the  machinery  for  moulding  them. 

Augustus  Morand,  Philadelphia, 

This  was  shown  by  a  model,  and  the  kiln  itself  was  seen  in  the 
exhibitor's  brick-yard. 

Fig.  I  of  the  drawings  is  a  vertical  section  taken  on  line  x  Xy  of 
Fig.  2.  Fig.  2  is  a  sectional  plan  on  line  Z Z,  of  Fig.  i,  the  flues  G 
(?,  situated  over  the  chambers,  being  shown  in  dotted  lines. 

As  represented  in  the  drawings,  A}-  to  A^  are  the  drying-  and  burn- 
ing-chambers of  the  kiln,  which  are  preferably  built  in  a  right  line 
with  each  other,  and  which  are  inclosed  with  strong,  well-built  outer 
walls,  and  arched  roof,  lined  with  fire-proof  material.  The  chambers 
are  separated  by  transverse  partitions,  a  a;  in  which  air-holes,  c,  are 
left  to  be  opened  or  closed  at  pleasure,  in  the  operations  of  the  kiln. 

Each  chamber  is  also  provided  with  an  outer  doorway,  rf,  through 
which  the  brick  or  other  wares  are  conveyed  in  filling  or  emptying 
the  chambers,  and  which  are  likewise  closed  in  the  customary- 
manner  with  temporary  walls  of  brick.  In  chamber  A^,  and  situated 
preferably  in  the  outer  wall  thereof,  is  arranged  a  series  of  fire-places, 
//,  and  each  chamber  is  provided  with  a  series  of  stoking-holes,  00, 
which  are  formed  in  the  arched  roof. 

The  entire  kiln  is  preferably  covered,  and  the  workmen  protected 
by  a  shed  or  roof,  as  seen  in  Fig.  i.     G  G  are  horizontal  steam-  and 
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smoke-flues,  formed  longitudinally  through  the  arched  roof  of  the 
kiln,  one  being  on  each  side,  as  shown  in  Fig.  I.  Vertical  connect- 
ing flues  or  passages,  c  Cy  are  formed  on  each  side  of  the  arch  through 
the  top  of  each  chamber,  and  preferably  at  the  end  farthest  from  the 
fire-places  ff,  so  as  to  communicate  with  the  flues  G  G,  as  shown 
more  clearly  in  Fig.  i.  The  flues  it  are  controlled  by  dampers 
arranged  to  be  operated  from  the  top  of  the  kiln.  The  two  main 
flues,  G  G,  open  into  a  common  chimney,  A,  at  one  end  of  the  kiln, 
but  there  communication  with  it  is  controlled  by  suitable  dampers. 

A.  distinguishing  feature  of  the  improved  kiln  is  in  the  employment 
of  a  double  archway,  or  two  longitudinal  series  of  chambers,  A^  to  A^^ 
and  B^  to  -5*,  arranged  together  side  by  side,  and  communicating  with 
each  other  transversely  at  their  ends  by  means  of  draft-apertures,  kk^ 
formed  in  the  longitudinal  dividing  wall.  These  apertures,  k  k^  are 
similar  to  the  apertures  cc  \ti  the  transverse  partitions  aa,  and  their 
purpose  is  to  form  a  means  of  communication  from  one  longitudinal 
series  to  the  other,  through  which  the  heated  gases  from  the  end 
'  chamber  of  one  series  may  be  drawn  into  the  end  chamber  of  the 
next,  to  dry  and  burn  the  charge  of  green  bricks  therein  contained, 
and  form  a  means  of  establishing  a  continuous  and  circuitous  draft 
through  all  the  chambers  of  the  kiln,  enabling  the  burning  to  be  pro- 
ceeded with,  as  in  the  case  of  an  annular  kiln,  yet  retaining  all  the 
superior  advantages  of  a  straight  kiln. 

Another  distinguishing  feature  is  that  the  upper  longitudinal  flues, 
G  G,  are,  in  chambers  A^  and  5\  arranged  to  open  on  the  same  side 
of  the  chambers  at  y  y,  as  shown  by  the  dotted  lines  in  Fig.  2, 
which  bring  both  vertical  openings  directly  opposite  the  transverse 
apertures  k  k. 

The  operation  of  the  kiln  is  as  follows :  The  chambers  A^,  A^,  etc., 
being  filled  with  green  bricks  or  other  articles  for  drying  and  burning, 
and  the  doorways,  communicating  openings,  and  stoke-holes  being 
closed,  fires  are  built  in  the  fire-places //yj  in  chamber  A^]  the  damp- 
ers controlling  the  opening  of  the  flues  ii,  communicating  with  the 
main  flues  G  (7, are  opened;  and  the  communication  is  established  in 
chamber  A^^  while  the  vertical  flues  ii  in  the  other  chambers  are 
closed. 

As  the  bricks  gradually  become  heated  and  give  off*  their  steam  or 
vapor  in  drying,  this  vapor  is  at  once  carried  off  through  the  flues  G 
Gy  and  from  the  position  and  peculiar  arrangement  of  the  opening 
into  the  flues,  on  either  side  of  the  crown  of  the  arch,  the  moisture  is 
carried  off  from  all  parts  of  the  chamber  uniformly  and  expeditiously. 
When  the  bricks,  or  other  articles  in  the  first  chamber,  A^^  are  suffi- 
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ciently  dried,  instead  of  wasting  the  heat  therein  by  continuing  the 
draft  directly  with  the  chimney  through  the  upper  flues,  G  G,  the 
passages  ii,  in  chamber  A*,  communicating  with  these  flues,  are  opened, 
and  those  in  A^  are  closed.  The  surplus  heat  necessarily  obtained  in 
finishing  the  burning  in  chamber  A^^  is  thus  utilized  in  drying  and 
burning  the  charge  of  bricks  in  chamber  A^,  and  this  process  is  re- 
peated as  the  burning  progresses  until  the  last  chamber,  A^,  is  reached. 
When  the  bricks  or-  other  articles  in  this  last  chamber,  yJ*,  are  suffi- 
ciently dried  the  surplus  heat  is  drawn  through  the  openings  k  k  into 
the  adjoining  chambers,  B^  of  the  other  series,  to  dry  the  charge  of 
green  bricks  therein,  which  is  effected  by  directing  the  draft  into  the 
main  flues  G  G,  through  the  two  vertical  openings  J  J,  situated 
directly  opposite  the  openings  k  k,  the  flue  /  in  this  chamber  being 
closed. 

It  will  be  perceived  that,  as  these  flues  y  y  are  placed  directly 
opposite  the  openings  k  k,  the  draft  through  the  latter  is  equal,  and 
the  heated  gases  are  drawn  through  the  charge  of  bricks,  so  as  to  dry 
and  bum  them  equally  throughout ;  whereas,  if  the  openings  were 
not  thus  placed,  the  burning  would  not  be  equal  in  the  different  parts 
of  the  chamber.  When  the  bricks  in  this  chamber  are  sufficiently 
dried  the  heated  gases  produced  by  its  burning  are  drawn  into  the 
next  chamber,  and  this  operation  is  repeated  until  the  end  cham- 
ber, B^,  is  reached,  when  the  gases  are  drawn  into  A^  (which  has  been 
previously  refilled  with  green  bricks)  in  the  same  manner  that  it  was 
drawn  from  A^  into  j5\  as  before  described. 

This  process  may  be  continued  for  an  indefinite  period,  the  drying, 
burning,  and  cooling  of  the  bricks,  or  other  articles  in 'each  successive 
chamber  of  the  kiln,  being  conducted  continuously,  regularly,  and 
uniformly,  and  with  very  great  economy  of  fuel. 

William  L.  Gregg,  Philadelphia,  Pa. 

This  exhibit  consisted  of  a  model  of  a  kiln  for  burning  bricks  and 
other  ceramic  products  by  the  combustion  of  gas,  and  some  bricks 
burned  in  the  kiln  at  Gregg,  Illinois.  The  kiln  consists  of  a  series 
of  separate  chambers  so  constructed  with  flues  and  valves  that  the 
burning  may  be  accomplished  with  either  an  upward  or  a  downward 
draft,  and  a  gas-producing  apparatus  in  which  carbonic  oxide  and 
other  gases  are  produced  by  the  slow  combustion  of  coal.  In  the 
drawings  which  follow,  Fig.  I  is  a  horizontal  section,  at  the  line  x  x 
of  Fig.  2 ;  Fig.  2,  a  vertical  section  of  the  same  at  the  line  ^  ^  of 
Fig.  I ;  Fig.  3,  a  similar  section  of  a  portion  of  one  of  the  cham- 
bers, showing  the  device  for  indicating  the  settling  of  the  bricks; 
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and  Fig.  4,  a  view  in  perspective  of  the  kiln.  Xhe  kiln  is  shown 
as  consisting  of  foir  chambers, — I,  2,  3,  4, — having  arched  tops, 
and  separated  by  partition-walls,  which  meet  at  a  central  stack  or 
chimney,  C,  Access  is  had  to  each  compartment  by  a  hinged  door. 
The  inside  of  the  kiln  should  be  lined  with  fire-brick.  The  burning 
of  the  bricks  is  effected  by  the  combustion  of  gases  generated  in  a 
gas-producer,  B,  which  is  in  general  terms  a  furnace  wherein  fuel 
undergoes  slow  combustion,  constructed  upon  the  plan  of  Siemens  or 
of  Frank,  or  upon  any  other  manner  or  plan  found  most  desirable. 

A- gas-conduit,  ^\  extends  from  the  producer  to  the  kiln,  and  is 
connected  by  branches,  each  provided  with  a  proper  valve  or  gate, 
with  the  chambers  i,  2,  3,  4;  the  several  branches  opening  into  the 
bottoms  of  the  chambers.  Similar  conduits,  i?*,  5*,  B^,  ^*,  are  connected 
^with  that  leading  from  the  producer  by  the  vertical  conduits  B^,  ff^ 
each  provided  with  a  series  of  valves  or  gates,  and  leading  respectively 
into  the  tops  of  the  chambers  i,  2,  3,4.  The  lower  conduits  are  here 
shown  as  opening  into  chambers  beneath  the  compartments,  such 
chambers  communicating  with  the  compartments  by  a  series  of  open- 
ings. The  object  of  the  arrangement  described  is  to  enable  the  gas 
to  be  led  into  any  one  of  the  compartments  at  either  its  top  or  bot- 
tom, as  preferred.  The  partition-walls  separating  the  several  com- 
partments of  the  kiln  are  each  provided  with  a  series  of  upper 
draft-passages,  A^,  near  their  tops,  and  a  similar  series  of  lower  draft- 
passages,  .^4*,  contiguous  to  the  floor  of  the  kiln.  These  passages  are 
governed  by  dampers  or  doors  operated  by  suitable  rods  from  the 
exterior  of  the  kiln.  Each  compartment  is  likewise  provided  with 
an  upper  stack-damper,  C,  and  a  lower  stack-damper,  C;  these  damp- 
ers governing  openings  in  the  central  stack  for  the  escape  of  vapors 
and  products  of  combustion  from  the  several  compartments. 

A  suitable  number  of  "peep-holes"  are  to  be  provided  in  each 
compartment,  as  well  as  proper  openings  for  the  admission  of  air  to 
support  combustion,  which  air  may,  when  convenient  to  do  so,  be 
previously  heated. 

In  order  to  provide  means  for  clearing  obstructions  from  different 
portions  of  the  kiln,  a  steam-boiler,  D,  is  provided,  from  which  pipes, 
d,  lead  to  the  various  compartments,  and  may  be  furnished  with  sepa- 
rate branches  or  iss  les  contiguous  to  the  various  draft-passages  and 
dampers.  Steam  frcm  the  boiler  can  be  blown  through  the  pipes 
whenever  necessary  or  the  purpose  of  dislodging  obstructions  that 
may  accumulate  in  tie  compartments  and  passages.  In  the  progress 
of  burning,  the  mass  of  bricks  gradually  shrinks  and  settles  in  the 
kiln ;  and  the  period  and  extent  of  such  settling  enable  the  burner  to 
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determine  when  to  slacken  or  extinguish  his  fires.  In  order  to  indi- 
cate the  settling  or  shrinkage  of  the  brick,  test-floats  or  gauges,  E, 
are  provided,  which  may  be  of  iron  covered  with  fire-clay  or  other 
non-conductor,  and  are  united  to  vertical  rods,  £\  passing  through 
openings  in  the  arched  tops  of  the  compartments.  The  floats  rest 
on  the  top  of  the  mass  of  brick  and  settle  down  with  it  as  the -burning 
and  shrinkage  progress,  the  amount  of  shrinkage  being  indicated  by 
the  vertical  rods. 

The  operation  of  the  kiln  is  as  follows :  The  bricks  being  properly 
set  or  hacked  in  the  different  compartments,  gas  is  admitted  from 
the  upper  conduit,  B^,  to  compartment  I ;  the  doors  of  the  lower 
draft-passages,  A^,  in  the  partition-wall  between  compartments  I  and 
2,  and  the  upper  stack-damper  C,  of  compartment  2,  having  been 
first  opened.  A  moderate  supply  of  gas  is  first  admitted  and  ignited 
to  expel  the  "  water  smoke"  or  evolve  the  vapor  from  the  bricks. 
This  moderate  combustion  is  continued  in  practice  for  a  period  of 
about  ten  hours.  A  stronger  heat  is  then  to  be  applied  (for  a  period 
of  twenty  hours  in  practice),  the  down-draft  being  continued,  and  the 
products  of  combustion  continuing  to  pass  into  compartment  2,  after 
which  the  gas  is  shut  off  from  the  upper  conduit  and  admitted  through 
the  lower,  the  doors  of  the  upper  draft-passages  in  the  partition  be- 
tween compartments  i  and  2  are  opened,  and  the  lower  ones  closed, 
and  the  upper  stack-damper  of  compartment  2  is  closed  and  the  lower 
opened.  The  operation  is  continued  with  the  up-draft  for  a  period 
of  ten  hours,  the  length  of  time  being  dependent  upon  the  nature 
of  the  materials  to  be  burned,  and  being  regulated  by  observation 
of  the  test-floats,  after  which  the  gas  is  shut  off  from  compartment 
I,  which  is  gradually  allowed  to  cool,  while  the  operation  is  con- 
tinued in  the  remaining  compartments  consecutively  in  a  similar 
manner. 

It  will  be  observed  that  the  waste  heat  from  one  compartment  dries 
and  heats  up  the  bricks  in  the  adjacent  compartment,  so  that  while 
the  bricks  in  one  compartment  are  being  cooled  those  in  the  next 
are  being  burned,  those  in  the  succeeding  one  dried,  and  those  in  the 
last  being  set,  the  operation  of  the  different  compartments  of  the  kiln 
thus  being  consecutive  and  continuous.  From  the  certificates  sub- 
mitted by  Mr.  Gregg  from  competent  and  well-known  experts  who 
have  witnessed  the  operations  of  this  gas-kiln,  its  prominent  merits 
would  seem  to  consist : 

1st.  In  the  gradual  application  of  heat  by  which  the  water  smoke 
is  expelled  without  cracking  or  checking  the  brick. 

2d.  In  the  easy  management  of  the  up-  and  down-draft,  by  which 


GENERAL   REPORT  OF  THE   JUDGES   OF  GROUP  IL        229 

uniformity  of  burning  is  secured,  and  loss  from  vitrified  and  salmon 
bricks  diminished. 

3d.  In  utilizing  the  heat  by  passing  it  from  one  compartment  to 
another,  thereby  greatly  economizing  fuel,  and  in  using  an  inferior 
quality  of  coal  for  producing  gas. 

4th.  In  economy  of  labor,  as  after  the  kiln  is  once  charged  it  re- 
quires but  one  man  to  generate  the  gas  and  one  to  manage  its  dis- 
tribution and  combustion.  The  time  usually  required  for  burning  in 
most  other  kinds  of  kilns  may  be  greatly  shortened. 

5th.  In  the  simplicity  of  the  apparatus. 

The  cost  of  constructing  a  kiln  with  four  compartments  each 
25  feet  square,  12  feet  high  at  the  springing  line  and  18  feet  at  the 
crown  of  the  arch,  is  at  present  prices  about  J6000.  A  royalty  of 
one-half  the  amount  saved  on  the  cost  of  the  old  processes  of  burning 
is  charged  for  its  use. 

Each  compartment  will  hold  about  100,000  bricks,  and  the  pro- 
ductive capacity  of  the  kiln  in  a  working  season  of  eight  months  is 
5,000,000  and  upwards  of  bricks. 

.   George  Mendheim,  Berlin^  Prussia, 

Mr.  George  Mendheim  is  the  inventor  of  a  kiln  for  firing  ceramic 
wares  by  the  combustion  of  heating-gases,  which  he  exhibited  by 
means  of  drawings  and  a  small  model.  There  were  also  shown  a 
variety  of  excellent  articles,  ranging  from  fine  porcelain  to  common 
fire-bricks,  fired  in  one  of  these  kilns  in  Germany. 

The  kiln  consists  of  a  series  of  connected  firing-chambers,  having 
distinct  and  independent  series  of  gas-flues  and  air-flues  for  supplying 
to  the  chambers  the  gases  and  the  air  necessary  for  their  combustion. 
The  gases  are  produced  on  the  spot,  by  any  suitable  process,  from 
coal,  peat,  wood,  or  other  material. 

Fig.  I  shows  a  horizontal  section  of  kiln  on  the  irregular  line  v  v  ; 
Fig.  2,  a  vertical  longitudinal  section  on  the  irregular  line  x  x ;  Fig- 
3,  a  vertical  transverse  section  on  the  line  s  s  ;  and  Fig.  4,  a  vertical 
transverse  section  on  the  line  z  z. 

A  A  are  gas-generators,  of  which  there  may  be  any  desired  number. 
B  B  are  connected  chambers  for  the  reception  of  the  wares  to  be  fired. 
Cis  a  chimney  common  to  all  the  chambers. 

The  gas  is  conveyed  by  means  of  the  flues  a,  provided  with  valves, 
by  to  either  or  opposite  sides  of  the  kiln,  where  the  chambers  B  are 
arranged  in  two  contiguous  rows,  which  is  the  arrangement  preferred. 
In  the  flues  a^  on  either  side  of  the  kiln,  are  also  valves,  r,  correspond- 
ing with  the  number  of  firing-chambers,  and  which,  on  being  opened. 
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admit  the  gas  separately  or  collectively  as  may  be  desired  in  the 
chambers  B.  Each  chamber  is  separated  from  the  succeeding  one  in 
the  same  row  by  a  wall,  js,  so  that  they  communicate  with  each  other 
only  by  channels  or  flues, yj  in  the  walls  of  the  kiln,  provided  with 
dampers  or  valves  worked  through  the  slots  y.  Accordingly  as  these 
dampers  are  opened  or  closed,  the  chambers  which  they  control  are 
in  communication  with  or  isolated  from  each  other. 

The  last  chamber  of  each  row  is  connected  in  like  manner  with  the 
adjacent  chamber  of  the  other  row  by  a  flue,  W,  provided  with  a 
damper  for  opening  or  closing  the  communication  as  required. 

The  hearth  or  sole  of  each  chamber  is  so  constructed  as  to  secure 
an  equal  distribution  of  the  gas  and  air  throughout  the  chamber,  in 
the  following  manner :  The  gas  is  admitted  into  each  chamber,  B, 
through  its  respective  valve  c,  by  means  of  a  flue  g,  and  openings  h  in 
the  arch  of  said  flue  into  flues  /,  from  whence  it  passes  into  the 
the  chambers  by  numerous  openings,  /,  in  the  hearth. 

There  are  also  small  openings,  m,  in  the  arches  of  the  flues^  which 
admit  heated  air  to  the  gas,  so  that  the  air  and  gas  are  mingled  and 
ignited  at  the  openings  /,  or  points  of  entrance  into  the  chambers. 
The  direction  of  the  flame  within  the  chambers  B  may  be  regulated 
either  by  the  peculiar  arrangement  of  the  charge  in  the  chambers, 
as,  for  instance,  when  burning  brick,  or  by  means  of  fire-bridges 
built  up  for  the  purpose,  as  when  burning  pottery-ware  or  earthen 
pipes. 

The  general  operation  is  as  follows :  Supposing  three  or  four 
chambers  B  to  be  charged  with  ware  to  be  burned,  and  the  last  one 
of  these  chambers  to  be  closed  from  communication  with  the  remain- 
ing chambers  by  means  of  the  dampers  in  the  flues/;  then  a  valve, 
d,  in  the  last  chamber  of  the  row  is  opened  to  bring  that  chamber  in 
communication  with  the  chimney  Chy  or  through  a  flue,  r.  A  tem- 
porary fire  is  then  started  in  the  flue  /of  chamber  B,  access  being 
obtained  to  the  flue  through  the  preceding  chamber  of  the  series 
for  the  purpose.  The  requisite  draft  for  this  operation  is  produced 
by  the  chimney  C,  which  draws  the  products  of  combustion  of  the 
temporary  fire  through  all  the  chambers  B  in  connection  with  one 
another,  and  through  the  open  valve  d. 

As  soon  as  the  first  chamber  is  suflficiently  heated,  gas  is  admitted 
through  its  valve  c,  and  is  ignited  by  the  flame  of  the  temporary  fire 
and  the  air  which  is  admitted  at  the  same  time.  The  heat  of  the 
burning  gas,  added  to  that  of  the  temporary  fire,  completes  the 
burning  or  hardening  of  the  charge  in  the  first  of  the  charged 
chambers. 
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The  heating  of  the  next  chamber  in  succession  is  then  sufficiently 
advanced  to  cause  the  gas  introduced  into  it  to  ignite  when  the  gas 
comes  in  contact  with  the  heated  air  introduced  at  the  same  time  for 
the  purpose,  upon  the  valve  c  of  the  chamber  in  which  a  charge  has 
been  burned  being  closed,  and  the  valve  c  of  the  next  succeeding 
chamber  being  opened.  The  air  necessary  to  produce  combustion  of 
the  gas  in  this  succeeding  chamber  first  passes  by  the  openings  m  and 
/  into  the  chamber  in  which  the  burning  has  been  completed,  and  is 
heated  by  absorption  in  the  same  before  passing  to  the  next  chamber, 
thereby  increasing  the  intensity  of  the  flame  in  the  succeeding 
chamber.  So  soon  as  the  burning  or  baking  has  been  effected  in  this 
second  or  succeeding  chamber,  the  flow  of  gas  is  checked  or  shut 
off  from  it  by  closing  its  valve  c.  The  valve  c  of  the  next  or  third 
succeeding  chamber  is  then  opened  to  introduce  gas  into  the  same, 
while  the  air  for  producing  combustion  therein  is,  prior  to  its  intro- 
duction, passed  through  the  first  and  second  chambers,  in  which  the 
burning  or  baking  has  been  completed,  to  produce  a  highly-heated 
condition  of  the  air  when  it  mixes  with  the  gas. 

In  following  out  this  operation  each  preceding  chamber  in  which 
the  burning  or  baking  has  been  completed  has  its  valve  d,  that 
controls  the  draft  to  the  chimney,  closed,  and  the  valve  d  of  the 
fresh  chamber,  containing  the  charge  to  be  burned,  open,  the  damp- 
ness in  the  flues  /  being  previously  withdrawn. 

The  operation  is  conducted  so  that  when  the  kiln  is  fully  working 
a  current  of  air  always .  passes  through  three  or  more  highly-heated 
chambers  before  the  same  is  consumed,  and  so  that  the  products  of 
combustion  from  the  burning-chamber  are  passed  through  from,  say, 
two,  four,  or  more  chambers  in  advance  of  the  burning-chamber, 
whereby  the  greatest  proportion  of  the  heat  of  the  gases  is  absorbed 
before  they  enter  the  chimney.  The  flue  H^  serves  to  continue  the 
operation  from  the  one  row  of  chambers  to  the  other  by  allowing  the 
gases  of  combustion  and  heated  air  to  thus  circulate,  and  by  supplying 
a  sufficient  number  of  baking-chambers  a  continuous  operation  may 
be  kept  up.  The  removal  of  the  charges  from  the  chambers,  when 
sufficiently  cooled,  and  the  recharging  of  the  same,  will  follow  in 
regular  order  the  firing  of  the  chambers. 

It  is  not  necessary,  however,  even  when  two  or  more  rows  of  baking- 
chambers  are  used,  that  a  continuous  operation  should  be  kept  up ; 
and  in  the  case  of  a  kiln  having  only  a  single  row  of  chambers,  the 
action,  though  generally  intermittent,  may  be  continuous.  In  work- 
ing a  kiln  of  this  description  the  firing  of  the  chambers  is  effected 
successively,  as  in  the  continuously-operating  kiln,  by  preliminarily 
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firing  the  first  or  any  other  single  chamber,  the  flame  of  the  last 
chamber  escaping  directly  into  the  chimney. 

When  a  chamber  has  become  so  much  cooled  by  passing  air 
through  it,  and  heating  that  air  to  a  degree  suitable  for  combustion, 
it  still  contains  such  a  high  temperature  that  the  goods  cannot  imme- 
diately be  withdrawn.  Then  by  opening  the  valve  n  of  this  chamber 
a  current  of  air  is  caused  to  pass  through  the  channel  k^  and  this  air 
may  either  be  carried  into  the  atmosphere  or  into  rooms  that  require 
heating  or  ventilating.  This  air  thus  heated  may  also  be  used  for 
heating  up  the  goods  in  a  chamber  freshly  charged,  by  opening  the 
valve  n  and  smoke-valve  d,  and  by  closing  the  valves /of  that  cham- 
ber, the  air  now  passing  through  the  chamber  which  is  cooling  and 
through  the  chamber  being  heated  into  the  chimney.  In  this  way 
fresh  goods  may  be  heated  to  a  temperature  of  180*^  to  212°  Fahren- 
heit, after  which  the  gases  can  be  admitted  without  any  danger  of 
steam  condensing  on  the  goods. 

The  advantages  claimed  for  the  Mendheim  kiln  are  that  it  enables 
a  uniform  firing  to  be  secured,  avoids  the  annoyance  of  ashes,  and  the 
injurious  tincturing  or  coloring  of  the  ware,  and  prevents  breakage 
and  refuse  by  gradually  heating  and  cooling  the  charge. 

A  very  great  economy  of  fuel  is  claimed  for  it  over  any  method  of 
burning  with  coal ;  but  to  what  degree  this  claim  is  well  founded, 
when  coal  is  used  for  firing  a  kiln  by  successive  chambers,  as  in  the 
Morand  and  similar  kilns,  I  am  not  prepared  to  say. 

The  method  of  distributing  the  gas  under  the  hearth,  before  it 
enters  the  firing-chamber  through  the  openings  /,  where  combustion 
begins,  seems  to  possess  great  merit. 

The  kiln  has  achieved  a  good  reputation  in  Germany. 

The  Cedar  Hollow  Lime  Company,  Philadelphia,  Pa. 

This  company  exhibited  a  jar  of  good  quicklime,  a  model  of  the 
kiln  in  which  it  was  burned,  models  of  a  house  for  the  storage  and 
preservation  of  lime,  and  a  car  for  transporting  it. 

At  the  time  these  articles  were  explained  to  the  Judges  no  sufficient 
evidence  of  the  merits  of  the  kiln  was  submitted.  Had  it  been  as 
fully  understood  then  as  it  is  now,  one  feature  of  it,  called  the  cooler, 
would  have  been  mentioned  for  an  award.  As  no  such  recommenda- 
tion was  made,  it  is  deemed  proper  to  supply  the  omission  as  far  as 
possible  in  this  report. 

The  kiln  belongs  to  the  upright,  continuous  class,  with  firing-places 
on  two  opposite  sides,  near  the  base.  The  fuel,  therefore,  is  not 
mixed  with  the  stone  to   be   burned.      Below  the  firing-places  an 
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arched  opening  passes  through  the  base;  and  there  may  be  two  such 
archways  at  right  angles  to  each  other,  in  which  case  the  kiln  would 
rest  upon  four  piers  or  columns.  In  the  centre  of  this  arched  space, 
and  directly  beneath  the  chamber  of  the  kiln  in  which  the  stone  is 
burned,  an  iron  cooler,  shaped  like  the  inverted  frustum  of  a  hollow 
cone,  is  fixed  to  the  crown  of  the  arch,  the  upper  end  of  the  cooler 
being  fitted  against  the  lining  of  the  lower  portion  of  the  kiln-cham- 
ber. The  lower  end  of  the  cooler,  which  is  placed  at  such  height 
above  the  ground  as  to  enable  carts  to  back  under  it  to  receive  the 
burned  lime,  dips  into  a  shallow  tray  suspended  to  it  by  chains,  and  is 
closed  or  opened  at  pleasure  by  two  horizontal  sliding-gates  worked 
by  levers.  When  the  gates  are  closed,  and  the  tray  is  hooked  up  to 
its  place,  access  of  external  air  into  the  cooler  is  prevented  by  depos- 
iting fine  lime-dust  upon  the  rim  of  the  tray,  so  that  the  lower  end 
of  the  cooler  dips  into  the  dust.  The  lime  as  it  is  burned  settles  into 
the  cooler,  which,  being  surrounded  by  external  air,  facilitates  the 
more  or  less  rapid  cooling  of  its  contents.  When  it  has  become  cool 
enough  to  be  discharged  into  carts  or  trucks,  the  tray  is  unhooked, 
and  the  sliding-gates  opened  sufficiently  to  allow  the  desired  quantity 
to  run  out,  after  which  they  are  closed,  and  the  tray  returned  to  its 
place.  As  the  drawing  of  the  burned  lime  goes  on,  fresh  limestone  is 
added  above,  and  the  fires  in  the  side  fire-places  are  kept  up.  A 
damper  for  regulating  the  draught  is  placed  in  the  upper  part  of  the 
kiln-chamber,  above  the  charge.  Just  below  the  damper  there  is  a 
side  opening  for  charging  the  kiln,  habitually  kept  tightly  closed  with 
an  iron  door. 

BRICK-PRESSES  AND  TEMPERING-WHEELS. 

A  fine  display  of  brick  hand-presses  was  made,  all  the  exhibitors 
being  from  Philadelphia.  They  are  used  for  pressing  hand-made 
bricks,  and  re-pressing  those  made  by  machinery,  after  they  have  been 
suitably  dried  in  either  case. 

F.  L.  &  D.  R.  Carnell,  Philadelphia,  Pa. 

Messrs.  Carnell  showed  a  press  for  red  front  bricks  of  the  Philadel- 
phia size,  another  for  9-inch  fire-bricks,  and  another  for  15-inch 
furnace-blocks,  and  a  good  assortment  of  the  several  kinds  of  brick 
pressed  in  their  machines. 

This  firm,  known  also  as  the  Cohocksink  Brick-Machine  Works, 
manufacture  a  great  variety  of  brick-machinery  besides  hand-presses, 
such  as  brick-machines,  clay-tempering  wheels,  pipe-machines,  tile- 
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machines,  grinding-pans  or  "  edge-runners,"  roller-mills,  stamping* 
mills,  and  all  kinds  of  brickmakers'  tools  in  common  use. 

S.  WiLUAMS  &  Son,  Philadelphia,  Pa. 

This  firm  exhibited  a  hand-press  claimed  to  be  suitable  for  pressing  a 
dry  clay  brick.     It  is  favorably  spoken  of  by  parties  who  have  used  it. 

George  Carnell,  Philadelphia,  Pa. 

Mr.  Carnell  showed  a  clay-tempering  wheel,  which  appears  to 
possess  very  considerable  merit,  and  also  a  brick-press,  of  which  the 
mould  is  lined  with  an  alloy  of  tin  and  copper,  which  is  claimed  to  be 
superior  to  the  ordinary  steel  lining,  in  giving  a  smoother  skin  to  the 
bricks.  Conceding  this  point,  there  is  still  a  question  whether  the 
brass  will  not  wear  so  much  more  rapidly  than  steel  as  to  prevent  its 
general  adoption. 

S.   P.  Miller  &  Son,  Philadelphia,  Pa. 

Messrs.  Miller  &  Son  exhibited  five  patterns  of  brick-presses,  all 
bearing  evidence  of  excellence  in  design  and  workmanship ;  also  a 
small  model  of  a  clay-tempering  wheel. 

All  the  brick-presses  manufactured  in  Philadelphia  for  pressing 
front  bricks  resemble  each  other  in  this,  that  they  press  one  brick  at 
a  time,  flatwise,  by  the  upward  movement  of  a  plunger  in  the  bottom 
of  the  mould,  the  top  of  the  mould  being  closed  for  the  time  by  a 
pressure-plate.  Three  styles  of  presses  are  made,  viz.,  single  lever, 
double  lever,  and  treadle.  A  single-lever  press  is  so  constructed 
that  one  lever  presses  the  bricks,  and  also  raises  them  to  the  top  of 
the  mould;  a  double-lever  press  has  two  levers,  one  to  press  the 
brick  and  the  other  to  raise  it  to  the  top ;  a  treadle-press  is  the  same 
as  a  double-lever  press,  except  that  it  has  a  treadle,  which  is  worked 
by  the  foot  to  lift  the  brick  to  the  top.  The  single-lever  press  is  the 
one  most  generally  preferred. 

The  clay-tempering  wheel  is  arranged  to  run  on  the  edge  in  a 
circular  pit  containing  the  clay  to  be  tempered.  The  pit  is  usually 
about  28  feet  in  diameter  and  18  to  24  inches  deep,  with  an  island  or 
centre-piece  about  8  feet  in  diameter.  It  is,  therefore,  annular,  and 
has  a  width  of  about  10  feet.  The  wheel  runs  on  a  horizontal  shaft, 
revolving  about  a  central  post  by  horse-  or  steam-power,  and  has  an 
automatic  movement  alternately  toward  and  from  the  centre  over  the 
entire  width  of  the  pit  (10  feet),  so  that  it  never  runs  in  the  same 
track  in  consecutive  revolutions.     This  movement  is  usually  given  by 
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an  endless  ratchet  working  against  a  cog-pin  at  the  central  post.  The 
details  are  covered  by  patents,  and  differ  from  each  other  considerably 
in  different  wheels. 

Tempering-wheels  are  used  only  for  tempering  clay  to  that  degree 
of  soft  plasticity  when  it  can  be,  and  is  very  appropriately,  called 
"slush."  It  is  then  in  a  suitable  condition  for  being  moulded  into 
bricks  by  hand  or  by  a  slush  brick-machine.  The  old  method  of 
moulding  by  hand  was  almost  exclusively  followed  until  within  a  few 
years  in  making  the  celebrated  front  bricks  of  Philadelphia,  Wilming- 
ton, and  Baltimore,  and  is  followed  still  to  a  great  extent  in  those 
localities  and  elsewhere  in  producing  the  choicest  grade  of  front  bricks. 
It  is,  however,  gradually  going  out  of  practice  in  proportion  as  the 
results  obtained  with  the  improved  brick-machines  of  recent  invention 
are  more  excellent  and  satisfactory. 

It  seems  to  be  entirely  within  the  range  of  probability  that  in  the 
near  future,  possibly  within  the  next  four  or  five  years,  all  the  highest 
grades  of  building-bricks,  not  even  excepting  those  for  the  construc- 
tion of  city  fronts,  will  be  not  only  moulded,  but  re-pressed  by  steam 
machinery,  thus  doing  away  with  the  use  of  tempering-wheels  as  well 
as  hand-presses.  Indeed,  the  tempering-wheel  is  practically  obsolete 
already,  as  the  best  quality  of  "  Philadelphia  fronts"  are  now  moulded 
in  the  crude-clay  and  tempered-clay  machines  within  half  an  hour  after 
the  clay  is  dug  from  its  natural  bed.  But  the  moulded  brick,  after 
suitable  drying,  has  still  to  be  hand-pressed  in  order  to  give  to  it  the 
requisite  smoothness  of  surface,  sharpness  of  edge,  and  accuracy  of 
form  and  dimensions.  It  is  expected  that  the  coming  brick-making 
machine  will  be  able  to  re-press  the  moulded  and  partially-dried  bricks, 
as  well  as  it  can  now  be  done  with  hand-presses. 

As  already  stated,  the  hand-presses  in  present  use  re-press  the  bricks 
on  the  side,  or  flatwise,  giving  bricks  all  of  the  same  length  and 
width,  but  not  all  of  exactly  the  same  thickness,  there  being  a  slight 
variation,  due  in  part  to  varying  quantities  of  clay  in  the  successive 
moulds,  and  in  part  to  varying  pressure  applied  to  the  hand-press. 
It  is  necessary,  therefore,  for  the  mason  to  gauge  the  bricks  for  the 
construction  of  the  best  quality  of  front-brick  masonry,  in  order  to 
guard  against  the  unsightly,  or  at  least  unworkmanlike,  appearance 
produced  by  bricks  of  random  thickness  in  the  same  course. 

Isaac  Gregg,  Jr.,  Philadelphia^  Pa. 

Mr.  Gregg  exhibited  some  front  bricks  pressed  edgewise.  They 
are  of  course  all  of  the  same  thickness,  although  they  vary  in  width, 
which  is  not  at  all  objectionable.     These  bricks  have  but  one  perfect 
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or  finished  face  or  edge ;  the  other  face  being  distinguished  by  three 
transverse  grooves,  about  J^-inch  deep  and  J^-inch  wide,  so  that  in 
all  the  successive  stages  of  manufacture,  transportation,  and  use,  the 
attention  of  the  workmen  is  directed  to  the  care  and  preservation  of 
only  one  face  of  each  brick.  In  setting  them  in  the  kiln  for  firing,  the 
finished  faces  or  edges  of  the  bricks  are  always  placed  longitudinally 
in  contact  with  each  other  throughout;  and  in  crossing  the  courses 
the  grooved  edges  only  come  into  contact  transversely.  The  streaks 
of  color  caused  by  the  crossing  are  thus  confined  exclusively  to  the 
grooved  faces,  and  are,  therefore,  of  no  consequence.  This  invention 
marks  a  decided  improvement  in  the  manufacture  of  the  choicest 
quality  of  front  bricks, 

PERFORATED   BRICKS,  SHAPED  BRICKS,  ETC. 

Several  forms  of  perforated  bricks  for  walls  and  arches  and  of 
cornice  and  jamb  bricks  are  exhibited.  Among  the  exhibitors  were 
C.  G.  L.  Koolemans,  of  Willeskop,  Netherlands ;  Doulton  &  Co.,  of 
London,  England ;  the  Fire-Proof  Building  Company,  of  New  York 
City;  C.  W.  Boynton  &  Co.,  of  Woodbridge,  New  Jersey;  A.  B. 
Holmber,  of  Christiania,  Norway;  Mary  Nolan,  of  St  Louis,  Mis- 
souri ;  Vaisse.  Martin,  &  Co.,  of  Constantinople,  Turkey ;  and  Romeu 
&  Barella,  of  Barcelona,  Spain.  It  should  be  stated  that  Miss  Nolan's 
exhibit  was  considered  to  belong,  technically,  to  the  group  on  archi- 
tecture. 

The  capabilities  of  perforated  bricks  for  the  construction  of  fire- 
proof buildings, — dwelling-houses  in  particular, — without  sacrificing 
the  advantages  to  health,  always  promoted  by  hollow  walls,  upon 
which  the  moisture  in  the  atmosphere  never  condenses,  and  which 
are  therefore  always  dry  upon  the  interior  surfaces,  have  never  re- 
ceived any  practical  recognition  in  the  United  States,  although  in 
Europe  the  subject  has  been  carefully  considered  by  architects  and 
builders.  With  us  a  hollow  brick  wall  is  understood  to  mean  not  a 
wall  built  with  hollow  or  perforated  bricks,  but  with  solid  bricks  so 
arranged  as  to  leave  an  interior  air  space  next  the  inside  facing, 
crossed  at  frequent  intervals  with  transverse  or  diagonal  headers,  to 
insure  a  strong  bond.  Such  a  wall  is  less  homogeneous  in  mass,  and 
possesses  less  strength  and  stability,  than  one  laid  with  perforated 
bricks  of  proper  form  containing  the  same  aggregate  weight  of 
material. 

With  two  forms  of  perforated  bricks,  such  as  can  readily  be  pro- 
duced from  two  dies  with  any  of  the  expressing-machines  heretofore 
described,  a  wall  of  6  inches,  9  inches,  12  inches,  15  inches,  or  18 
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inches  in  thickness  can  be  laid  with  a  strong  bond,  and  with  sufficient 
interior  air  space,  in  the  form  of  horizontal  longitudinal  tubes,  to  secure 
thorough  dryness  on  the  interior  face,  so  that  plastering  can  go  directly 
upon  it  without  the  intervention  of  wooden  furring.  One  of  the 
forms  of  brick  should  be  the  shape  of  a  capital  L,  with  the  height, 
which  may  be  S  ^  to  6  inches,  equal  to  the  width,  the  height  of  the 
horizontal  arm  equal  to  half  the  total  height,  and  the  width  of  the 
vertical  arm  equal  to  half  the  total  width.  Each  brick  should  have 
three  longitudinal  perforations,  one  in  each  arm,  about  i  inch  by  i  ^ 
inches,  and  one  in  the  angle  about  i}i  inches  by  iyi  inches.  The 
other  brick  is  smaller,  and  should  be  rectangular  in  cross-section,  and 
have  two  longitudinal  perforations.  Its  width  should  be  5^  to  6 
inches,  or  the  same  as  that  of  the  larger  brick,  and  its  thickness  or 
height  2^  to  3  inches  scant,  so  that  two  courses  separated  by  a  thin 
joint  will  rise  as  much  as  one  course  of  the  others.  The  lengths  of 
the  two  former  should  be  the  same,  and  need  not  exceed  10  to  11 
inches.  Owing  to  their  cellular  structure  these  bricks,  although  com- 
paratively large  in  outside  dimensions,  can  be  easily  and  uniformly 
fired.  The  weight  of  the  largest  size  will  not  exceed  15  to  16  pounds. 
It  can,  therefore,  be  easily  handled  and  laid  by  one  man.  If  two 
other  perforated  forms  of  brick  be  added,  by  the  use  of  two  additional 
dies  with  the  same  brick-machine,  one  for  a  skewback  and  the  other 
for  an  arch  brick  or  voussoir,  neither  of  which  will  be  as  heavy  as  the 
largest  of  the  wall  bricks,  we  have  the  means  of  erecting  cheap  fire- 
proof buildings  of  ample  strength,  admirably  adapted  to  all  the 
requirements  of  such  dwellings  as  are  not  expected  to  contain  rooms 
of  large  span,  the  only  iron  necessary  being  light  tension  bars  to  take 
the  thrust  of  the  arches,  while  the  amount  of  combustible  material 
employed  is  reduced  to  a  minimum. 

If  objection  be  made  to  the  use  of  wall  bricks  of  5^  to  6  inches 
in  thickness,  as  being  unusual  or  unsightly,  bricks  of  small  dimensions 
may  be  used  in  all  the  walls,  and  they  may  all  be  of  rectangular  shape 
and  of  uniform  size,  say  8j^X4j^X2j^  inches,  the  headers  being  per- 
forated transversely  with  two  holes,  and  the  stretchers  longitudinally 
with  one. 

ENAMELED  BRICKS. 

There  were  only  a  few  exhibits  of  enameled  and  glazed  bricks,  none 
of  which  more  deserves  special  mention  for  any  noteworthy  progress 
in  both  the  useful  and  the  beautiful  in  brick-making  than  that  of  the 
Brick  Enameling  Company  of  Philadelphia,  which  made  a  fine  dis- 
play of  red  bricks,  enameled  on  one  face,  or  a  face  and  an  end,  some 
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in  pure  white  and  others  in  various  attractive  shades  of  yellow,  green, 
blue,  brown,  and  slate. 

The  enamel  is  a  hard  glazing  of  feldspar,  flint,  oxide  of  zinc,  por- 
celain clay,  and  Paris  white,  fluxed  with  boracic  acid.  The  coloring 
matters  are  black  oxide  of  cobalt  for  blue,  oxide  of  copper  for  green, 
oxide  of  uranium  for  canary,  the  Brandon  mineral  paint  for  drabs 
(this  paint  containing  oxide  of  iron  and  an  ochreous  earth),  and  oxide 
of  manganese  and  burnt  umber  for  slate  colors. 

The  glaze  is  first  prepared  of  the  required  color,  and  then  calcined 
to  nearly  a  white  heat.  It  is  then  crushed  and  ground  between-  mill- 
stones to  an  impalpable  powder,  and  mixed  with  water  to  the  con- 
sistency of  cream.  The  brick,  previously  burned  in  the  usual  way, — 
the  finest  quality  of  front  brick  being  preferred  for  this  purpose, — is 
then  dipped  into  the  glaze  by  immersing  the  face  to  be  enameled  to 
the  depth  of  about  one-fourth  of  an  inch.  After  suitably  drying  they 
are  refired  in  seggars  in  a  crockery-kiln  for  about  thirty  hours,  at  a 
temperature  of  about  2000  degrees  Fahrenheit,  or  nearly  a  white  heat, 
by  which  the  opaque  glaze  or  enamel  is  fused,  and  unites  with  the  face 
of  the  brick,  becoming  inseparable  from  it.  All  the  colored  enamels, 
as  well  as  the  pure  white,  are  densely  opaque  and  very  hard.  They 
cannot  be  scratched  with  a  steel  point.  Several  nails  were  driven 
into  tough  pine  with  one  of  the  bricks,  without  leaving  the  slightest 
mark  upon  it.  The  enameled  faces  are  thoroughly  impervious  to 
moisture,  the  color  is  unchangeable,  and  nothing  can  permanently 
soil  or  mar  their  beauty. 

The  prices  of  the  Philadelphia  front  bricks,  enameled  in  white  on 
one  edge,  is  JJ60  per  thousand,  and  in  canary  JJioo  per  thousand. 
Other  colors  range  between  these  prices.  Assuming  the  enameled 
bricks  to  be  laid  as  stretchers  only,  they  will  cost — according  to  the 
color — from  54  cents  to  90  cents  per  superficial  foot  of  enameled 
face,  exclusive  of  the  expense  of  laying  them,  and  exclusive,  of 
course,  of  the  cost  of  the  backing,  which  would  be  laid  with  cheaper 
bricks. 

PAVEMENTS. 

The  Exhibition  contained  a  meagre  display  of  materials  and  devices 
for  paving  carriage-ways,  and  none  from  which  useful  information 
could  be  drawn  by  any  but  experts. 

For  paving  foot-paths,  areas,  warehouses,  etc.,  most  of  the  speci- 
mens of  artificial  stone  referred  to  in  the  report  upon  that  subject 
would  answer  very  well,  and  would  naturally  be  sought  after  for  such 
purposes  in  localities  not  within  cheap  freighting  distance  from  sup- 
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plies  of  good  flagging-stones,  like  the  Hudson  River  bluestone  and 
similar  varieties.  But  wherever  the  natural  flagging  can  be  procured 
at  a  moderate  cost  for  transportation,  no  artificial  stone  or  concrete 
of  good  quality, — either  hydraulic  or  bituminous, — can  successfully 
compete  with  it  Even  good  paving-bricks  and  burnt  tiles  would 
almost  invariably  be  less  costly  than  flags  made  with  either  hydraulic 
cement  or  bitumen  as  the  cementing  medium,  after  the  most  approved 
methods.  When  a  water-tight  wearing  surface  is  required,  the  ques- 
tion of  cost  must  give  way  to  that  of  fitness  or  suitability,  and  either 
natural  bitumen  or  some  artificial  imitation  of  it  is  usually  resorted 
to.  Pavements  of  coal-tar  concrete  belong  to  the  last-named  class, 
and,  when  properly  laid,  make  good  and  reasonably  durable  foot- 
paths. Indeed,  they  are  not  in  all  cases  to  be  rejected,  even  for 
carriage-ways,  when  properly  constructed.  Foot-paths  of  hydraulic 
concrete,  suitable  also  for  paving  alleyways,  cellars,  areas,  etc.,  may 
be  constructed  at  a  considerable  saving  in  the  cost  of  labor  by  com- 
pacting the  mixed  materials  in  situ.  Their  thickness,  if  the  subsoil  be 
firm,  need  seldom  exceed  4  to  4^^  inches,  of  which  all,  except  about 
J^  inch  on  the  surface,  may  be  composed  of  good  Vicat  or  Portland 
cement  i  measure,  and  sand,  and  gravel  3  measures.  When  the 
natural  quick-setting  cements  are  used,  their  proportion  to  the  sand 
and  gravel  should  be  doubled,  and  the  pavement  made  at  least  I  inch 
thicker.  The  surface  layer  should  be  rich  in  cement,  containing  say 
I  measure  of  Portland  cement  and  i  to  I J^  measures  of  sand,  and  no 
gravel.  The  materials  for  the  body  of  the  pavement  should  be  well 
mixed  together,  and  thoroughly  compacted  in  place  by  running  in  a 
single  layer.  Immediately  thereafter  its  surface  should  be  roughened 
by  scratching,  and  the  mixture  for  the  wearing  layer  spread  over  it  to 
a  uniform  thickness  of  about  ij(  inches,  and  then  compacted  by  light 
blows  to  the  required  J^  inch.  Water  should  be  used  sparingly,  so  as 
not  to  produce  plasticity  in  the  materials.  A  plastic  mixture  cannot  be 
compressed  by  ramming,  a  process  which  is  essential  to  good  results. 
This  kind  of  foot-path  is  almost  certain  to  crack  from  unequal  set- 
tlement, or,  in  cold  climates,  from  the  upheaving  power  of  frost.  As 
a  precaution  against  the  last-named  cause  they  require  under-draining. 
To  avoid  cracking  entirely  they  may  be  laid  in  rectangles,  squares,  or 
other  shapes  by  compacting  the  material  between  stout  planks  set  on 
edge,  every  alternate  space  being  omitted  in  the  first  instance,  to  be 
filled  in  afterwards,  when  those  first  laid  shall  have  become  sufficiently 
hard  to  sustain  without  injury  the  ramming  of  the  fresh  concrete 
against  them.  By  the  use  of  various  pigments  different  shades  of 
color  may  be  given  to  the  different  forms. 
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PAVEMENTS  OF  COAL-TAR  CONCRETE. 

A.  G.  Day,  Seymour^  Conn, 

Mr.  Day  exhibited  some  "  vulcanized  paving-blocks,"  composed  of 
70  per  cent,  of  sand,  20  per  cent,  of  good  clay,  and  8  to  10  per  cent, 
of  peroxide  of  iron.  These  are  cemented  together  with  a  composition 
made  with  2  parts  of  crude  coal-tar  and  one  of  Trinidad  asphaltum, 
to  which  are  added  a  quantity  of  sulphur  equal  to  from  3  to  6  per 
cent,  of  both  ingredients,  and  a  quantity  of  oxide  of  iron  about  double 
that  of  the  sulphur. 

The  coal-tar  and  bitumen  having  been  heated  and  mixed  together, 
the  sulphur  and  oxide  of  iron  are  added,  care  being  taken  not  to  raise 
the  heat  high  enough  to  drive  off  the  lighter  oils.  A  temperature  of 
270  degrees  Fahrenheit  will  suffice.  When  a  thorough  mixture  of 
the  bitumen,  coal-tar,  sulphur,  and  oxide  of  iron  has  been  secured, 
the  clay  and  sand,  previously  heated,  are  mixed  in,  and  the  hot  com- 
position is  then  compacted  in  moulds  in  the  form  of  paving-blocks 
for  carriage-ways.  When  intended  for  sidewalks  or  other  foot-paths, 
broken  stone  and  gravel  are  added.  Special  machinery  is  necessary 
for  mixing  and  compacting  the  materials  in  order  to  obtain  satisfactory 
results. 

The  foregoing  description  was  given  by  the  exhibitor,  and  although 
the  process  is  believed  to  be  an  improvement  on  the  usual  methods 
of  treating  a  mixture  of  crude  coal-tar  and  bitumen  for  paving  pur- 
poses, it  should  be  stated  that  the  "  vulcanized  paving-blocks"  have 
not  yet  been  sufficiently  tested  by  actual  use  upon  streets  to  justify 
any  expression  of  opinion  concerning  their  merits.  Neither  has  it 
yet  been  proved  by  experience  that  a  coal-tar  paving  composition  is 
as  durable  when  moulded  and  laid  in  blocks  as  when  properly  applied 
in  a  continuous  sheet.  It  is  claimed  that  the  material  can  be  more  firmly 
compacted  in  small  moulds  than  in  a  continuous  layer  applied  hot 
upon  the  street,  which  is  admitted  to  be  true  only  when  the  compres- 
sion in  the  latter  case  is  attempted  to  be  accomplished  by  rolling  in- 
stead of  tamping.  The  superiority  of  the  block  pavement  in  giving  a 
more  secure  foothold  for  animals  is  conceded,  and  if  they  can  be  made 
sufficiently  hard  and  tenacious  to  be  capable  of  sustaining  the  ordin- 
ary street  traffic  without  wearing  away  too  rapidly  at  the  edges  of 
the  blocks,  which  is  the  place  where  failure  in  endurance  is  to  be 
specially  apprehended,  they  will  doubtless  supplant  the  monolithic 
coal-tar  pavements  for  streets  of  steep  grades  and  slopes. 

It  is  yet  to  be  ascertained  that  even  a  moderately  good  pavement 

can  be  made  with  crude  coal-tar  as  one  of  the  principal  cementing  in- 

16 
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gredients  of  the  wearing  surface.  But  when  coal-tar  is  distilled,  and 
the  lighter  oils  driven  off  at  a  temperature  of  455  to  490  degrees 
Fahrenheit,  the  exact  temperature  depending  on  the  manner  in  which 
it  is  to  be  used,  the  residuum  may  be  employed  with  great  advantage 
in  preparing  a  concrete  base  for  the  pavement,  and  may  enter  to  some 
extent  even  in  the  top  layer  when  natural  bitumen  cannot  be  procured, 
or  must  be  omitted  in  whole  or  in  part  on  account  of  its  cost  For 
the  foundation,  the  residuum  of  a  lower  distillation  is  suitable. 

The  Abbott  Pavement  Co.,  Brooklyn,  N,  Y. 

This  company  exhibited  a  model  of  a  carriage-way  and  sidewalk 
paved  with  what  appeared  to  be  coal-tar  concrete,  that  on  the  carriage- 
way being  laid  directly  on  an  old  cobble-stone  pavement.  A  great 
deal  of  merit  is  claimed  for  it  in  the  papers  submitted,  which  it  is  not 
deemed  proper  here  to  either  deny  or  concede,  as  no  person  was  at 
hand  to  explain  the  exhibit,  and  no  opinion  upon  its  worth  can  well  be 
ventured  in  the  absence  of  positive  information  concerning  the  mate- 
rials used  and  the  methods  of  manipulation  followed  in  its  preparation. 

A  coal-tar  concrete  pavement,  excellent  of  its  class,  may  be  made 
in  the  following  manner,  viz. : 

The  base  or  foundation  is  from  6  to  8  inches  in  thickness,  depending 
on  the  weight  of  the  traffic  to  be  accommodated,  and  the  character 
of  the  subsoil.  It  is  formed  of  broken  stones,  varying  in  diameter 
from  I  to  25^  inches,  thoroughly  mixed  with  from  2^  to  3  gallons  to 
the  superficial  yard  of  a  paving  composition  obtained  as  the  residuum 
of  coal-tar  distilled  at  a  temperature  of  340  to  350  degrees  Fahren- 
heit. The  stone  may  be  carried  to  the  street  in  wheelbarrows,  and 
before  each  barrow  is  dumped  in  its  allotted  place,  about  half  its 
required  charge  of  the  composition  is  poured  over  it.  It  is  then 
dumped,  and  the  other  half  poured  over  it,  and  then  raked  to  a  uni- 
form thickness  on  the  requisite  grades  and  slopes,  the  incorporation 
of  the  composition  and  broken  stone  being  completed  in  the  opera- 
tion. When  a  sufficient  area  has  been  thus  prepared,  it  is  thoroughly 
compressed  and  compacted  to  an  even  surface  with  heavy  rollers. 
The  base  is  then  finished.  If  only  6  inches  thick,  it  can  be  laid  in  one 
operation  in  a  single  layer ;  if  8  or  9  inches  thick,  it  should  be  in  two 
layers,  each  of  4  to  4^  inches  in  thickness,  spread  and  rolled  sep- 
arately. 

A  binder  course,  2  inches  in  thickness,  follows  next.  It  is  composed 
of  fine  crushed  stone  of  all  sizes,  up  to  those  I  inch  in  diameter,  or  a 
mixture  of  this  stone  with  gravel,  to  be  first  heated,  and  then  mixed 
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while  hot  with  from  one-fifth  to  one-fourth  of  its  volume  of  hot 
paving  composition,  obtained  as  a  residuum  in  distilling  coal-tar  at 
a  temperature  of  490  degrees  Fahrenheit  This  binder  is  to  be 
spread  upon  the  foundation  and  rolled  while  hot,  preferably  with  a 
steam-roller. 

The  wearing  surface  is  then  applied  in  a  layer  not  less  than  2^ 
inches  in  thickness.  It  is  composed  of  a  mixture,  in  equal  propor- 
tions, of  coarse  and  fine,  sharp,  clean  sand,  to  each  cubic  yard  of 
which  a  peck  of  good,  finely-ground  hydraulic  cement  is  added,  and 
mixed  with  it.  The  sand  is  then  heated,  and  mixed  with  from  one- 
fifth  to  one-fourth  of  its  volume  of  a  hot  composition,  made  by  melt- 
ing together  60  parts  of  the  residuum  obtained  in  distilling  coal-tar  at 
450  degrees  Fahrenheit  and  40  parts  of  refined  Trinidad  asphaltum, 
or  any  other  equivalent  asphaltum.  This  surface  material  is  dumped 
hot  upon  the  binder  course  from  carts  or  barrows,  raked  to  a  uniform 
thickness,  and  compacted  by  a  heavy  steam-roller.  During  the  pro- 
cess of  rolling,  a  thin  coating  of  finely-ground  hydraulic  cement  is 
swept  over  the  surface,  and  becomes  incorporated  with  it.  This 
completes  the  pavement,  which  is  ready  for  traffic  as  soon  as  it  gets 
cold.  Its  cost  per  superficial  yard,  not  including  that  of  the  exca- 
vation, to  grade,  should  not  exceed  J52.25  to  1^2.50,  inclusive  of  a  fair 
profit  to  the  contractor. 

By  omitting  the  asphaltum  from  the  top  layer  it  would  be  classed 
as  coal-tar  concrete,  and  would  be  among  the  best  of  its  kind.  When 
subjected  to  the  ordinary  traffic  of  large  cities,  the  top  layer,  if  no 
asphaltum  be  used,  would  require  renewal  about  every  four  or  five 
years.  The  addition  of  the  asphaltum  doubtless  increases  its  dura- 
bility fully  one-half,  and  perhaps  more. 

The  base  course  and  binder,  aggregating  8  to  10  inches  in  thick- 
ness, would  be  a  suitable  foundation  for  either  of  the  asphalt  pave- 
ments hereafter  described. 

ASPHALT  PAVEMENTS.      . 

Bitumen  is  extensively  used  for  paving  both  foot-paths  and  carriage- 
ways. It  is  generally  applied  in  a  continuous  sheet,  about  J^ 
inch  in  thickness  for  sidewalks,  and  ?  to  3  inches  for  carriage-ways, 
although  ia  some  cases  compressed  into  small  blocks,  and  laid  on  a 
foundation  of  concrete,  or  in  a  form  of  sand. 

H.  F.  Onderwater,  Dordrecht,  Netherlands. 

Mr.  Onderwater  exhibited  a  fine  collection  of  these  blocks,  which 
he  calls  "asphalt-stones,"  intended  to  be  used  for  paving  sidewalks, 
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warehouses,  etc.,  but  not  for  roadways.  They  appear  to  be  composed 
of  asphaltum  and  sand,  formed  in  moulds  of  various  sizes,  by  com- 
pression while  hot,  the  smallest  being  1 1  centimetres  square  on  top, 
4  centimetres  deep,  weighing  i^V  kilogrammes,  and  sold  free  on 
board  for  25  francs  per  thousand.  All  the  other  sizes  have  a  uniform 
depth  of  10  centimetres,  while  the  length  and  width  vary  from  the 
smallest,  which  are  8  by  10  centimetres,  sold  for  50  francs  per  thou- 
sand, to  the  largest,  which  are  16  by  20  centimetres,  and  sold  for 
130  francs  per  thousand.  They  are  all  a  little  smaller  on  the  bottom 
than  on  the  top,  and  are  recommended  to  be  set  in  cement  Their 
cost  would  somewhat  exceed  that  of  good  paving  bricks,  or  tiles, 
for  a  pavement  of  equal  thickness. 

The  Neuchatel  Asphalt  Co.  (limited),  Travers,  Canton  Neu- 

chdtcl^  Swiiscriafid, 

This  company  exhibited  a  pyramid  of  bituminous  limestone  from 
Val-de-Travers,  which  is  very  rich  in  bitumen,  and  of  excellent 
quality.  This  material,  usually  called  "  asphalt- rock,"  and  sometimes 
Neuchatel  rock,  is  extensively  used  for  pavements  in  European  cities, 
and  has  achieved  an  excellent  reputation  for  that  purpose.  The  rock, 
found  in  both  Seyssel  and  Val-de-Travers,  and  other  localities  in  the 
Jurassic  region,  is  an  amorphous,  pulverulent  carbonate  of  lime,  uni- 
formly impregnated  throughout,  and  held  compactly  together,  with 
from  5  to  1 5  per  cent.,  and  sometimes  as  much  as  20  per  cent,  of  the 
variety  of  bitumen  known  as  mineral  tar.  The  rock  is  liver-brown  in 
color,  is  tough  and  difficult  to  break  with  a  hammer,  may  be  cut  with 
a  knife,  and  is  to  some  extent  malleable,  even  when  cold,  and  much 
more  so  when  warm.  It  should  contain  ii  to  12  per  cent,  of  mineral 
tar  to  be  suitable  for  carriage-way  coverings.  When  heated  to  200  to 
212  degrees  Fahrenheit  the  bitumen  becomes  soft,  and  the  rock  crum- 
bles and  falls  into  a  slightly  coherent  powder,  which,  if  powerfully 
compressed  by  ramming,  while  hot,  reunites  into  a  solid  mass,  supe- 
rior to  the  original  rock  in  toughness,  hardness,  and  incompressibility. 
This  is  the  whole  theory  of  asphalt  pavements. 

In  the  approved  practice  the  crude  rock  is  first  ground  to  a  coarse 
powder,  then  heated  to  250  to ,260  degrees  Fahrenheit  in  a  revolving 
wrought-iron  cylinder  set  in  a  furnace,  and  at  once  conveyed  to  the 
street  and  deposited  on  the  pavement  foundation  (one  barrowful  at  a 
time),  and  spread  out  with  a  rake  to  a  uniform  depth,  exceeding  by 
two-fifths  the  ultimate  thickness  required.  It  is  then  immediately 
compacted  with  hot  iron  rammers,  the  edges  of  each  batch  being  left 
loose  and  unrammed,  so  that  the  material  which  follows  may  readily 
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unite  with  it  A  thickness  of  i  )^  to  i  J^  inches,  after  rartiming,  is 
considered  to  be  ample.  The  foundation  should  be  hard  and  firm, 
and  may  be  composed  of  either  hydraulic,  asphaltic,  or  coal-tar 
concrete. 

When  the  asphalt-rock  is  used  for  paving  foot-paths,  it  is  softened 
by  adding  some  heavy  petroleum,  or  some  **  dead-oil,"  and  sometimes 
crude  bitumen,  like  that  from  Trinidad.  Sand  and  gravel  are  also 
added.  The  mixture  is  then  called  bituminous  mastic,  and  is  applied 
on  the  foundation  with  a  wooden  trowel,  in  a  coat  about  5^  inch 
thick.  It  is  of  course  laid  on  while  hot.  A  suitable  formula  for 
the  mastic  is  36  measures  of  ground  asphalt-rock,  4  measures  of 
crude  Trinidad  asphaltum,  i^  measures  of  heavy  petroleum,  or  the 
residuum  of  refined  petroleum,  4  measures  of  clean,  fine  sand,  and  8 
measures  of  fine  gravel. 

As  no  asphalt-rock  at  all  resembling  that  of  Seyssel  and  Val-de- 
Travers  has  yet  been  discovered  in  the  western  hemisphere,  it  may 
be  well  to  describe  very  briefly  the  latest  discoveries  and  improve- 
ments in  constructing  pavements  with  natural  bitumen,  artificially 
combined  with  suitable  sands  and  earths.  The  variety  of  bitumen 
known  as  asphaltum  is  used  for  this  purpose.  It  is  found  in  the 
islands  of  Cuba  and  Trinidad ;  in  Ritchie  County,  West  Virginia ;  in 
the  province  of  New  Brunswick ;  at  Santa  Barbara,  California ;  and  in 
many  places  in  Mexico  and  elsewhere. 

The  Trinidad  asphaltum  is  the  one  most  extensively  employed  in 
the  eastern  portions  of  the  United  States,  and  is  that  to  which  this 
description  refers,  although  the  method  of  manipulation  is  substan- 
tially the  same  for  all. 

The  first  step  in  the  process  is  to  obtain  a  suitable  asphaltic  cement 
to  bind  the  body  of  sand  together  in  a  compact  mass  possessing  the 
requisite  hardness  and  toughness  to  enable  it  to  withstand  the  trafHc, 
through  all  the  changes  of  temperature  to  which  it  will  be  subjected 
on  the  street.  It  must  not  become  too  brittle  in  winter,  nor  too  soft 
in  summer. 

The  asphaltum,  which  at  ordinary  temperatures  is  hard  and  brittle, 
is  first  refined  by  melting  and  boiling  in  furnace-kettles,  at  a  tempera- 
ture of  250  to  300  degrees  Fahrenheit,  for  one  or  more  days,  depend- 
ing on  the  capacity  of  the  kettles  and  the  quantity  under  treatment. 
The  heat  is  gradually  raised  to  the  point  named,  and  is  kept  up  until 
every  trace  of  moisture  is  driven  off.  There  is  then  gradually  added 
to  it  in  the  kettles,  accompanied  by  constant  stirring,  20  per  cent,  of 
its  own  weight  of  the  residuum  of  refined  petroleum,  left  in  the  manu- 
facture of  kerosene-oil,  or,  instead  of  this,  20  per  cent,  of  heavy  petro- 
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leum,  of  a  fire-test  of  1 50  degrees  Fahrenheit, — ^that  is,  a  petroleum 
which,  when  heated  to  that  temperature,  will  not  give  off  a  vapor 
that  will  take  fire  and  flash  in  the  blaze  of  a  burning  taper  held  in  it. 
When  the  two  ingredients  are  thoroughly  incorporated,  the  mixture 
is  called  asphaltic  cement.  It  is  then  dipped  from  the  kettles,  leaving 
all  earthy  and  other  solid  impurities  behind,  and  is  ready  for  use. 
When  properly  prepared,  it  is  not  brittle  when  cold,  but  is  somewhat 
soft,  pliable,  and  quite  ductile,  and  does  not  contain  any  water,  nor 
any  ingredient  soluble  in  water  or  in  the  urine  of  animals,  or  that 
can  be  affected  by  the  elements  to  any  serious  degree. 

The  sand  for  the  body  of  the  pavement  should  be  fine-grained,  and 
composed  of  from  70  to  75  per  cent,  of  silex,  and  25  to  30  per  cent, 
of  a  mixture  of  calcareous  and  argillaceous  particles,  possessing 
absorbent  properties.  The  argillaceous  ingredient  should  be  in  the 
form  of  very  fine  powder. 

The  sand  and  the  asphaltic  cement  are  heated  separately,  and  then 
thoroughly  mixed  together  at  a  temperature  of  250  to  300  degrees 
Fahrenheit,  in  a  horizontal  twin  pug-mill  set  in  a  furnace.  The  proper 
proportion  by  weight  is  80  parts  of  sand  to  20  of  cement.  The  mix- 
ture is  then  ready  for  laying,  and  resembles,  in  many  respects,  the 
powdered  asphalt-rock  when  heated  for  use,  although  it  is  blacker 
and  less  incoherent  than  that  material.  It  may  be  applied  upon  the 
pavement  foundation  by  substantially  the  same  method  followed  with 
the  Neuchatel  rock,  although  it  has  been  found  advantageous  to  lay 
it  in  two  coats,  the  first  one,  only  }4  inch  thick,  being  compacted 
with  hot  iron  rollers,  while  the  surface  or  wearing  layer  is  rammed 
with  hot  iron  pestles,  and  should  be  not  less  than  2  to  2J^  inches 
thick.     The  foundation  should  be  firm  and  solid. 

The  kind  of  pavement  above  described  has  been  in  use  upon  several 
streets  in  the  city  of  New  York  for  more  than  four  years,  and  main- 
tains its  first  promise  of  superior  excellence.  It  is  now  being  laid  by 
the  United  States  Government  upon  Pennsylvania  Avenue,  Wash- 
ington City,  between  Sixth  and  Fifteenth  Streets. 

The  most  serious  difficulty  to  be  overcome  in  its  construction  is  to 
obtain  a  mixture  that  will  be  neither  too  soft  and  yielding  in  summer, 
nor  too  hard  and  brittle  in  winter.  With  suitable  materials  and  intel- 
ligent supervision  this  is  believed  to  be  attainable  with  reasonable 
certainty. 

When  used  for  foot-paths,  75  parts  by  weight  of  fine  calcareous 
sand  is  heated  to  about  300  degrees  Fahrenheit,  and  mixed  with  25 
parts  of  the  melted  asphaltic  cement,  and  then  moulded  into  blocks 
of  convenient  size  for  handling  and  transportation.     At  the  time  of 
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using  it,  100  parts  by  weight  of  this  mixture  are  melted  and  mixed  . 
with  25  to  30  parts  of  hot,  fine  gravel.     The  hot  composition  is  then 
spread  on  the  foundation,  with  a  wooden  trowel,  to  the  required 
thickness  of  one-half  to  three-fifths  of  an  inch,  and  while  still  warm 
is  covered  with  a  light  sprinkling  of  dry  sand. 

Some  of  the  advantages  possessed  by  monolithic  pavements  of 
asphalt  are,  (i)  that  they  produce  very  little  dust  and  mud;  (2)  are 
comparatively  noiseless ;  (3)  do  not  absorb  noxious  liquids,  but  dis- 
charge them  promptly  into  the  sewers ;  (4)  they  are  impermeable, 
neither  emitting  poisonous  vapors  nor  allowing  their  emission  from 
the  subsoil;  (5)  they  reduce  the  traction  and  wear  and  tear  upon 
vehicles  and  animals  to  a  minimum ;  and  (6),  although  affording  to 
animals  a  less  secure  foothold  than  stone  blocks,  do  not  polish  from 
continued  wear,  and  are  not  slippery  when  clean. 

They  are  believed  to  be  well  adapted  to  all  streets  with  gentle  slopes, 
— say  about  i  in  48, — except  such  as  are  thickly  crowded  with  a  large 
traflSc,  and  more  or  less  constantly  wet  and  slippery  from  the  urine 
of  animals,  and  where  the  animals  are  subjected  to  frequent  halts, 
starts,  and  quick  turns.  In  such  localities,  the  roughness  of  surface 
possessed  by  a  pavement  of  blocks  seems  to  be  very  desirable.  But 
where  the  traffic  is  comparatively  light,  with  ample  room  for  con- 
ducting it,  or  where  a  large  part  of  it  is  pleasure-driving,  and  par- 
ticularly upon  streets  lined  with  dwelling-houses  on  either  side,  the 
marked  advantages  of  such  a  street  surface — its  imperviousness  to 
noxious  fluids,  and  its  freedom  from  dirt  and  noise — appear  to  place 
it  beyond  successful  competition. 

Pavements  of  coal-tar  concrete,  if  properly  constructed,  and  thor- 
oughly maintained  by  re-surfacing  whenever  required,  possess  many 
of  the  merits  of  asphalt  The  dust  produced  by  their  disintegration 
is  an  objection  to  them,  from  which  a  surface  of  asphalt  composition 
is  a  practical  relief.  In  cost  of  construction,  maintenance,  and  repairs, 
a  pavement  of  coal-tar  concrete,  from  the  wearing  surface  of  which 
asphaltum  is  entirely  omitted,  is  more  expensive  than  one  made  with 
asphaltum  artificially  combined  with  suitable  sand,  in  the  manner  here- 
tofore described. 

STONE-BLOCK   PAVEMENTS. 

ft 

George  Liitensee,  of  Christiania,  Norway,  exhibited  some  horn- 
blende granite  blocks,  intended  for  street  pavements,  and  a  model, 
in  the  same  stone,  of  a  carriage-way  paved  with  the  blocks,  with 
slabs  of  the  same  material  for  the  sidewalk.     This  stone  is  no  doubt 
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strong,  tough,  and  durable,  but  no  novelty  is  shown  in  the  manner  of 
using  it 

The  best  form  for  stone  paving-blocks  is  doubtless  that  of  a  rec- 
tangular parallelopipedon,  and  the  most  desirable  dimensions  are  ^yi 
to  4^  inches  in  breadth,  measured  lengthwise  of  the  street,  on  the 
upper  or  wearing  face,  9  to  12  or  14  inches  in  length  across  the 
street,  and  8  to  10  inches  in  vertical  depth,  it  being  borne  in  mind 
that  stones  of  about  the  same  depth  should  be  set  together.  The 
blocks  should  be  set  on  edge,  with  the  sides  in  contact,  in  lines  or 
courses  running  directly  or  diagonally  across  the  street,  breaking 
joints  in  the  other  direction. 

For  streets  with  heavy  traffic,  a  firm  foundation,  preferably  one  of 
good  hydraulic,  asphaltic,  or  coal-tar  concrete,  6  to  8  inches  in 
thickness,  is  njecessary,  to  prevent  unequal  settlement,  and  the  sub- 
sequent formation  of  ruts. 

WOODEN  PAVEMENTS. 

There  were  exhibited  in  the  French  section,  Agricultural  Hall,  two 
small  squares  of  wooden-block  pavement,  called  "  Mineralized  and 
Fire-Proof  Wood  Paving,"  Chanudet's  system,  but  no  person  was  at 
hand  to  give  any  information  concerning  them.  A  printed  bill 
attached  to  the  exhibit  stated  that  the  system  had  been  tried  in  Paris 
and  other  Continental  cities,  and  it  was  favorably  spoken  of  by  M. 
Alphand,  Inspector-General  of  Bridges,  and  Director-General  of 
Public  Roads  and  Promenades  in  Paris.  No  description  of  the 
methods  of  treating  the  wood  was  given. 

Wooden  pavements  have  had  a  fair  and  patient  trial  in  the  United 
States,  and  are  now  very  generally  condemned,  as  unfit  for  streets 
subjected  to  heavy  traffic.  They  are  slippery  in  wet  weather,  and  are 
very  perishable  from  their  inability  to  resist  either  the  wear  of  street- 
traffic  or  the  causes  of  ordinary  decay.  In  some  of  our  Western 
cities  they  have,  however,  been  comparatively  successful,  especially 
in  Chicago,  where  the  streets  are  wide  and  the  traffic  greatly  diffused. 
Other  objections  to  them,  besides  their  want  of  durability,  will  be 
referred  to  hereafter.  • 

PAVEMENTS  OF  STONE,  WOOD,   AIJD  ASPHALT  COMPARED. 

Durability.  Assuming  each  of  the  pavements  to  be  excellent  of 
its  kind,  and  the  foundation  to  be  solid,  so  that  no  ruts  and  depres- 
sions, except  those  produced  by  actual  wear,  can  be  formed,  tough 
stone  blocks  will  possess  the  longest  life  of  the  three,  and  wooden 
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blocks  the  shortest,  asphalt  lying  between  the  two,  and  very  near  the 
stone.  But  unless  the  stone  be  of  good  quality  for  pavements  it 
takes  the  second  place,  and  asphalt  the  first.  As  a  rule,  wood  is  the 
least  durable.  When  it  begins  to  wear  under  heavy  traffic,  at  the  end 
of  two  or  three  years,  it  is  destroyed  rapidly. 

First  cost.     This  will  vary  considerably  wifh   the  locality,  but  if 
exceptional  conditions  be  excluded  from  consideration,  the  order  of 
cheapness  will  be,  first,  wooden  blocks ;  second,  asphalt ;  and  third, 
I  stone  blocks. 

Cost  of  maintenance  and  repairs.  The  life  or  endurance  of  the 
pavement  enters  directly  into  this  question,  and  the  total  cost  of 
maintenance  and  repairs  must  cover  a  length  of  time  representing 
that  life,  and  the  pavement  must  be  left  at  the  end  of  that  period  in. 
a  condition  as  good  as  when  it  was  new.  In  economy  of  yearly 
maintenance  during  the  life  of  the  pavement,  inclusive  of  first  cost, 
•  good  stone  stands  first,  asphalt  second,  and  wood  third,  except  in 

localities  where  wood  is  very  cheap  and  stone  very  dear.    In  this  case 
stone  would  stand  third  and  wood  first,  and  where  both  stone  and 
wood  arc  exceptionally  costly,  asphalt  would  rise  to  the  first  place. 
\  Facility  of  cleaning.     The   order  of  merit,  under   this    head,  will 

I  invariably  be,  first,  asphalt;  second,  stone;  and  third,  wood,  whether 

the  cleaning  be  done  by  sweeping  or  by  washing. 

Comfort  and  convenience.  Stone  is  by  far  the  noisiest  pavement 
On  wood  a  constant,  though  not  always  unpleasant,  rumbling  noise 
.  is  produced  by  the  traffic ;  on  asphalt  there  is  an  incessant  clicking 
of  the  horses'  feet  upon  the  surface,  with  very  little  noticeable  noise 
from  the  vehicles,  while  on  stone  the  din  and  rattle  from  feet  and 
vehicles  combined  is  always  exceedingly  disagreeable,  and  at  times 
almost  deafening. 

Supposing  the  street  to  be  kept  reasonably  clean,  the  difference  in 
slipperiness  between  wood  blocks,  unpolishable  stone  blocks,  and  a 
continuous  surface  of  asphalt  is  not  great,  although  sufficient,  per- 
haps, to  place  asphalt  at  a  disadvantage,  while  a  horse,  if  he  does  not 
fall  more  frequently  upon  it  than  upon  the  others,  a  point  upon  which 
there  is  disagreement,  recovers  himself  less  easily  and  less  often. 
Asphalt  cannot  be  said  to  be  slippery  when  dry,  or  even  when  wet, 
if  free  from  mud,  but  a  very  little  mud  makes  it  the  most  slippery  of 
the  three. 

Under  a  sharp,  dry  frost  asphalt  and  stone  are  usually  quite  dry 
and  safe,  while  wood,  which  is  generally  moist  in  winter,  is  rendered 
slippery  by  freezing.  The  slipperiness  caused  by  rain  lasts  much 
longer  on  wood  than  on  either  asphalt  or  stone. 
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In  respect,  therefore,  to  the  comfort  and  convenience  of  persons 
using  the  street,  as  well  as  of  those  residing  upon  it,  the  order  of 
merit  would  seem  to  be,  asphalt  first,  wood  second,  and  stone  third, 
for  all  streets  except  such  as  are  habitually  crowded  with  heavy  and 
busy  traffic,  in  which  case  stone  must  be  placed  first  and  asphalt 
third. 

Hygienic  considerations.  The  hygienic  objections  to  a  pavement  of 
granite  blocks  are,  first,  its  constant  noise  and  din,  which  exert  an 
injurious  effect  upon  persons  suffering  with  nervous  diseases,  and 
especially  upon  infants,  and  all  classes  of  invalids ;  and,  second,  ks 
open  joints,  which  collect  and  retain  the  surface-liquids,  and  throw 
off  noxious  vapors,  and  filthy  and  unwholesome  dust. 

Exceptions  to  wood  may  be  made  upon  the  same  grounds,  and,  in 
addition  to  this,  the  material  itself  is  subject  to  inevitable  and  often 
to  early  decay  and  decomposition,  in  the  process  of  which  poisonous 
gases  and  noxious  miasma  are  set  free. 

M.  Fonssagrives,  Professor  of  Hygiene  in  the  medical  school  at 
Montpellier,  France,  expresses  the  deliberate  opinion  "that  a  city 
with  a  damp  climate,  paved  entirely  with  wood,  would  become  a  city 
of  marsh  fevers."  He  also  says,  in  speaking  of  asphalt  pavements, 
that  "  the  absence  of  dust,  the  abatement  of  noise,  the  omission  of 
joints, — permitting  a  complete  impermeability,  and  thus  preventing 
the  putrid  infection  of  the  subsoil, — ^are  among  the  precious  benefits 
realized  by  asphalt  streets." 

Considered,  therefore,  with  respect  to  the  health  of  the  people,  . 
asphalt  stands  conspicuously  first,  stone  second,  and  wood  third,  in 
the  order  of  value  and  merit. 

The  asphalt  pavement  referred  to  in  the  above  comparison  is  that 
made  with  the  Neuchatel  rock.  This  is  more  slippery  than  one 
composed  of  refined  asphaltum,  artificially  mixed  with  sand,  for  the 
reason  that  sharp  particles  of  silex  enter  largely  into  the  composition 
of  the  latter. 
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Benucci  &  Latti,  Pesaro,  Italy. 

I  MODERN   MAJOLICA. 

Report, — Commended  for  successful  work  in  the  style  of  the  majolica  of  the  sixteenth 
and  seventeenth  centuries ;  also  lustred  colors  in  the  style  of  Maestro  Giorgio. 


The  Artistic  Ceramic  Farina  Company,  Faenza,  Italy. 

2  MODERN  MAJOLICA  AND   DELLA   ROBBIA  WARE. 

Report. — An  important  exhibition  of  successful  reproductions  of  early  majolica,  Delia 
Robbia  ware,  and  Grafito  ornament ;  ruby  lustre  used  with  judgment ;  large  pieces  show- 
ing considerable  merit  in  design. 


Manuel  Cypriano  Gomes  Mafra,  Caldas  da  Rainha,  Bstremadura,  Portugal. 

3  EARTHENWARE,   "PALISSY  WARE." 

Report, — Commended  for  originality  of  character  and  design,  good  expression  in  the 
work,  and  for  cheapness. 


Barbizet  Son,  Paris,  France. 

4  MAJOLICA,  PALISSY   WARES,  AND  STATUETTES. 

Report. — Commended  for  admirable  modeling  and  artistic  power  in  design  well  carried 
out  in  potting. 


Rorstrand  Company  (Limited),  Stockholm,  Sweden. 

5  FINE  EARTHENWARE  AND  MODERN  MAJOLICA. 

Report. — Commended  for  good  quality  and  cheapness  of  earthenware,  good  "  majolica" 
of  well -chosen  colors ;  the  porcelain  is  considered  creditable  in  view  of  the  progress  made 
in  the  manufacture. 


S.  Williams  &  Son,  Philadelphia,  Pa.,  U.  S. 

6  BRICK   PRESSES. 

Report. — The  machines  show  great  excellence  of  design  and  workmanship,  combined 
with  strength,  simplicity,  and  durability. 


F.  L.  &  D.  R.  Camell,  Philadelphia,  Pa.,  U.  S. 

7  BRICK   PRESSES   OF  VARIOUS   SIZES. 

Report. — The  presses  show  great  excellence  in  design  and  workmanship ;  the  parts  are 
few,  simple,  and  strong,  work  with  great  accuracy  and  precision,  and  are  durable. 
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Excelsior  Brick  ft  Stone  Co.,  Philadelphia,  Pa.,  U.  S. 

8  EXCELSIOR  BRICK  MACHINE. 

Report. — The  Excelsior  machine  is  strong  and  not  complicated  in  its  parts,  possesses  the 
capacity  to  work  rapidly  in  moderately  moist  clay,  and  delivers  a  good  common  brick. 


I.  H.  Garretson,  Richland,  Iowa,  U.  S. 

9  A  TAMPING  IMPACT  BRICK  MACHINE. 

Report. — The  machine,  though  not  a  fast  worker,  is  exceedingly  simple  in  design  and 
low-priced,  and  makes  a  dry  clay  brick,  by  tamping,  which  is  excellent  of  its  kind. 


lo  Augustus  Morand,  Philadelphia,  Pa.,  U.  S. 

PLASTIC  BRICK  MACHINE,  AND  KILN  FOR   BURNING  BY  SUCCESSIVE  CHAMBERS. 

Report. — The  brick  machine  very  thoroughly  mixes  and  tempers  the  clay,  is  strong  and 
not  complicated  in  its  parts,  and  rapidly  pMroduces  plastic  bricks  of  sufficient  firmness  to  go 
directly  into  the  hand  presses.  The  kiln  is  operated  with  great  economy  in  fuel,  is  easily 
controlled  when  burning,  and  gives  great  uniformity  in  degree  of  firing. 


S.  P.  MUler  ft  Son,  Philadelphia,  Pa.,  U.  S. 

II  HAND  PRESSES   FOR    PRESSING   BRICKS  AND   FIRE-BRICKS. 

Report. — Commended  for  the  excellence  of  their  design  and  workmanship,  strength  of 
the  ]>arts,  and  accuracy  and  precision  of  their  motion. 


Chambers,  Bro.,  &  Co.,  Philadelphia,  Pa.,  U.  S. 

12  BRICK-MAKING  MACHINE, — OPERATES   BY  EXPRESSING  THE  CLAY. 

Report. — Commended  for  the  strength  and  simplicity  of  its  parts,  the  thoroughness  with 
which  it  mixes  and  tempers  the  clay,  the  rapidity  with  which  it  produces  good  common 
plastic  bricks,  and  its  low  price. 

Isaac  Gregg,  Jr.,  ft  Co.,  Philadelphia,  Pa.,  U.  S. 

13  BRICK  MACHINE,  AND  ONE-FACE  BRICKS   PRESSED   EDGEWISE. 

Report. — ^The  machine  will  work  well  in  either  strong  or  weak  clay,  gives  three  succes- 
sive pressures  to  the  brick,  is  strong,  and  runs  with  little  wear  and  tear,  and  can  be  used 
for  re-pressing  as  well  as  making  the  bricks ;  the  edge-pressed  bricks  are  precisely  uniform 
in  thickness,  and  can  be  laid  without  gauging  and  with  a  uniform  thickness  of  joint.  They 
have  a  fine  body,  are  well  fired,  and  are  of  excellent  color. 


The  Great  American  Brick  Machine  Co.,  Croton  Landing,  N.  Y.,  U.  S. 

14  IMPERIAL   BRICK   MACHINE,  AND   IMPERIAL  BRICK   TRUCK. 

Report. — The  brick  machine  is  strong  and  simple  in  its  parts,  not  liable  to  get  out  of 
order,  and  produces  a  well-moulded  and  moderately  plastic  brick.  The  brick  truck  is  well 
adapted  to  moving  bricks  quickly  and  economically. 


15  C.  Schlickeysen,  Berlin,  Germany. 

BRICK    AND    DRAIN-TILE    MACHINES;    THEY    ARE    EXPRESSING  MACHINES,  AND  WORK   TN 

PLASTIC  CLAY. 

Report. — The  machines  are  simple,  strong,  and  of  moderate  cost ;  mix  and  temper  the 
clay  well ;  their  running  expense  is  low,  and  they  deliver  their  products  of  uniform  quality. 
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George  Sylvester  Tiflkny,  London,  Ontario,  Canada. 

16  BRICK  AND  TILE-MAKING  MACHINE, — ^AN  EXPRESSING  MACHINE. 

Report, — The  machine  is  simple  and  strong  in  the  arrangement  of  its  component  parts, 
and  its  price  is  low.  It  also  embodies  the  novel  and  valuable  device  of  a  propeller  for 
forcing  the  clay  through  the  die,  which  revolves  in  a  direction  opposite  to  the  motion  of  the 
pug-mill,  and  much  more  rapidly. 

F.  Durand  &  Marais,  Paris,  France. 

17  BRICK  MACHINE. 

Report, — The  machine  is  very  simple,  strong,  easily  kept  ii^  order,  and  can  be  operated 
with  small  motive  power.  It  is  also  a  low-priced  machine,  and  will  mould  artificial  fuel, 
and  other  materials. 

18  A.  J.  Haws,  Johnstown,  Pa.,  U.  S. 

FIRE  BOTTOM   FOR  BESSEMER   STEEL  CONVERTER — FIRE-CLAY  TUYERES,  PATENT  NOZZLES, 
AND  SLUICES   FOR   LADLE  RODS  AND  FURNACE  FIRE-BRICK. 

Report, — These  products  are  well  made,  and  present  every  appearance  of  being  refrac- 
tory and  in  every  way  suitable  for  the  uses  designated. 


George  Camell,  Philadelphia,  Pa.,  U.  S. 

19  CLAT  TEMPERING  MILL. 

Report. — Commended  for  the  strength  and  simplicity  of  its  parts  and  the  small  power 
required  to  work  it. 

20  George  C.  Hicks  &  Co.,  Baltimore,  Md.,  U.  S. 

CLAY  GAS   RETORTS,   LARGEST  SIZE,  GAS  WORKS    TILES,  AND   FIRE-BRICK. 

Report, — A  large  exhibit  of  refractory  clay  articles  for  gas  works,  well  made  and  good. 


21  Georg  Mendheim,  Berlin,  Prussia. 

MODEL  AND   DRAWING  OF  CONTINUOUS  KILN   FOR  BURNING  CERAMICS  WITH   GAS. 

Report, — Samples  of  common  and-  fine  wares  fired  in  one  of  these  kilns  are  displayed, 
which  show  that  the  combustion  is  under  good  control  and  can  be  managed  so  as  to  give 
any  required  degree  of  burning  at  a  comparatively  low  cost.  The  kiln  is  evidence  of 
marked  and  intelligent  progress. 

Jules  Brianchon,  Senior,  Paris,  France. 

22  LUSTRE  ON  PORCELAIN. 

Report, — Commended  for  nacreous  or  pearl  lustre  of  great  brilliancy,  of  which  he  is  the 
inventor. 


Gustafsberg  Manufacturing  Co.,  near  Stockholm,  Sweden. 

23  PARIAN,  LARGE  VASES. 

Report. — Commended  for  fine  body  and  color  of  parian ;  for  pottery,  and  modeling  large 
vases ;  for  introduction  of  characteristic  national  ornamentation. 


Homer  Brooke,  New  York,  N.  Y.,  U.  S. 

24  PRESSES   FOR  GLASS. 

Report. — These  useful  machines  are  recommended  for  simplicity  in  construction,  prac- 
tical design,  easy  management,  and  general  adaptation  to  the  purpose. 


254  REPORTS  ON  AWARDS, 

Samuel  Bevington,  Philadelphia,  Pa.,  U.  S. 

25  FURNACE  FOR  DECORATING  CHINA  OR  GLASS. 

Report. — Commended  for  new  form  and  admirable  adaptation  for  the  purpose. 


.» 


26       The  Patent  Plumbago  Crucible  Co.,  London,  England. 

ASSAY,  DENTAL  PORCELAIN,  JEWELERS*  AND  CHEMISTS*  FIRE-CLAY  FURNACES. 

Report, — Commended  for  good  shapes,  well  made,  and  of  excellent  quality. 


King  Brothers,  Stourbridge,  England. 

27  GAS   RETORTS. 

Report. — Commended  for  good  quality. 


28  J.  Goebel  &  Co.,  New  York,  N.  Y.,  U.  S. 

CRUDE  AND  BURNED  GERMAN  CLAY,  AND  GLASS  MELTING  POTS  MADE  FROM  SAME. 

Report. — ^The  clay  is  remarkably  pure,  and  the  pots  possess  superior  durability  for  glass 
manufacturing  purposes. 

Keystone  Flint  Glass  Manufacturing  Co.,  Pittsburg,  Pa.,  U.  S. 

29  LAMP  GLASSES. 

Report. — Commended  for  good  quality  of  glass,  and  for  forms  of  wares. 


Excelsior  Flint  Glass  Co.,  Pittsburg,  Pa.,  U.  S. 

30  LAMP  CHIMNEYS   AND  REFLECTORS. 

Report, — Commended  for  good  quality  and  low  price  of  reflectors. 


Smith  Brothers,  New  Bedford,  Mass.,  U.  S. 

31  OPAL  OR   BONE  GLASS   LAMP  SHADES. 

Report. — Commended  for  variety  of  form  and  good  quality  of  wares. 


J.  M.  Albertson  &  Sons,  Norristown,  Pa.,  U.  S. 

32  WINDOW  GLASS  AND  SHADES. 

Report. — Commended  for  good  quality  and  useful  wares. 


Kartell  &  Letchworth,  Philadelphia,  Pa.,  U.  S. 

33  CUT  AND  ETCHED   LAMP  GLOBES. 

Report. — Commended  for  decoration  of  glass  globes. 


Atterbury  &  Co.,  Pittsburg,  Pa.,  U.  S. 

34  LIME  GLASS  LAMPS,  LAMP  CHIMNEYS,  AND  GLOBES. 

Report. — Commended  for  good  quality  and  variety  of  wares. 


Elias  Palm,  Steinschonau,  Bohemia,  Austria. 

35  CHANDELIERS  OF  GLASS   LUSTRES. 

Report. — Commended  for  quality  and  good  designs  of  chandeliers. 
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Jules  de  Brunfaut,  Vienna,  Austria. 

36  GLASS  SILK  AND  SPINNINGS. 

Heport, — Commended  for  fineness  and  delicacy  of  the  spun  glass,  and  for  utility ,  skill, 
and  taste  of  bonnets  and  feathers  made  from  glass ;  also  glass  wool  for  chemical  filtration 
of  vitriol;  and  for  glass  silk  patterns. 


M.  A.  Pelletier  &  Sons,  St.-Just-sur-Loire,  France. 

37  STAINED  WINDOW  GLASS. 

Report, — Commended  for  good  and  uniform  colors  and  delicacy  of  tint. 


Paul  Bitterlin  Son,  Paris,  France. 

Z^  GLASS  PAINTED  WINDOWS. 

Report, — Commended  for  good  designs  and  quality. 


Appert,  Lengel6,  &  Co.,  Paris,  France. 

39  GLASS  SHADES. 

Report, — Commended  for  good  quality  of  glass,  and  for  forms. 


B.  Baudoux  &  Jouet,  Lodelinsart,  Belgium. 

40  WINDOW  GLASS,   LARGE  SIZES,  OF  VARIOUS  COLORS. 

Report. — Commended  for  good  quality. 


L.  Baudoux  ft  Co.,  Charleroi,  Belgium. 

41  WINDOW  GLASS,   PLAIN,  COLORED,  AND  FIGURED. 

Report. — Commended  for  variety  and  quality  of  colors  and  designs. 


J.  J.  B.  J.  Bouvy,  Dordrecht,  Netherlands. 

42  GLASS  LENSES   FOR  LANTERNS. 

Report. — Commended  for  good  quality  of  metal  and  variety  of  forms. 


Anonymous  Society  of  Boussu,  Boussu,  Belgium. 

43  BONE  GLASS   LAMP  SHADES  AND  GLOBES. 

Report. — Commended  for  good  quality. 


Tyrolese  Glass  Painting  Manufactory,  Innsbruck,  Austria. 

44  DECORATED  WINDOWS   AND  STAINED  GLASS. 

Report. — Commended  for  variety  of  colors  of  window  glass. 


Bennert  &  Bivort,  Jumet,  near  Charleroi,  Belgium. 

45  WINDOW  GLASS,   LARGE  SIZES  AND  VARIOUS  COLORS. 

Report. — Commended  for  good  quality  and  freedom  from  impurities. 


Rochester  Tumbler  Co.,  Pittsburg,  Pa.,  U.  S. 

46  GLASS   TUMBLERS. 

Report, — Commended  for  good  quality  of  metal  and  great  variety  in  forms. 
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George  Duncan  &  Sons,  Pittsburg,  Pa.,  U.  S. 

47  LIME  GLASS    TABLE  WARES. 

Report, — Commended  for  good  quality  of  metal  and  for  good  forms  of  wares. 


Central  Glass  Co.,  Wheeling,  W.  Va.,  U.  S. 

48  LIME  GLASS    PRESSED  TABLE  WARES. 

Report. — Especially  commended  for  thin  and  good  forms  and  for  cleanness  and  sharp- 
ness of  pressing. 

O'Hara  Glass  Co.  (Limited),  Pittsburg,  Pa.,  U.  S. 

49  LIME  GLASS    TABLE  WARES. 

Report, — Commended  for  good  quality  of  glass  and  for  forms  of  wares. 


Bakewell,  Pears,  &  Co.,  Pittsburg,  Pa.,  U.  S. 

50  MOULDED  GLASS   TABLE  WARES. 

Report, — Commended  for  good  quality  of  thin  pieces  of  glass  and  for  forms  of  wares. 


New  England  Glass  Co.,  Boston,  Mass.,  U.  S. 

51  FLINT  GLASS  TABLE  WARES   AND   DECORATIVE  PIECES. 

Report, — Commended  for  general  good  quality  of  the  exhibition,  for  fine  metal,  en- 
graving, and  etching. 

Boston  and  Sandwich  Glass  Co.,  Boston,  Mass.,  U.  S. 

52  FLINT  GLASS    TABLE  WARES. 

Report, — Commended  for  the  general  good  quality  of  collection,  for  fine  metal,  and 
cutting. 

Mount  Washington  Glass  Co.,  New  Bedford,  Mass.,  U.  S. 

53  FLINT  GLASS   TABLE  WARES,  CHANDELIERS,  AND  BONE  GLASS. 

Report. — Commended  for  engraving,  for  good  quality  of  chandeliers,  and  for  bone  glass. 


Gillinder  &  Sons,  Philadelphia,  Pa.,  U.  S. 

54  FLINT  AND   LIME    GLASS  WARES. 

Report, — Conmiended  for  ^he  size  and  interest  of  the  exhibition  made,  for  good  thin 
blown  glass,  and  for  cheap  pressed  glass. 


Dorflinger  Glass  Co.,  White  Mills,  Wayne  County,  Pa.,  U.  S. 

55  GLASS  TABLE  WARES. 

Report. — Commended  for  good  cutting  and  engraving  of  wares. 


La  Belle  Glass  Co.,  Bridgeport,  Ohio,  U.  S. 

56  GLASS  TABLE  WARES,  MOULDED. 

Report, — Commended  for  good  quality  of  pressing  or  moulding. 


J.  H.  Hobbs,  Brockunier,  &  Co.,  Wheeling,  W.  Va.,  U.  S. 

57  LIME  GLASS    TABLE  WARES. 

Report. — Commended  for  good  quality  of  lime  glass. 
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J.  B.  Dobleman,  Qreen  Point  Flint  Works,  Brooklyn,  N.  Y.,  U.  S. 

58  FUNT  GLASS  TABLE  WARES. 

Report, — Commended  for  good  quality  of  glass  and  for  fine  cutting. 


Alezsnder  Jenkinson,  Bdinburgb,  Scotland. 

59  GLASS  TABLE  WAEE  AND  DECORATIVE  PIECES. 

Report. — Commended  for  fine  colors  of  old  Venetian  styles,  for  form,  and  general  effect 


James  Qreen  A  Nephew,  London,  England. 

60  GLASS  TAM.E  WARS,  DESSERT  PIECES,  AND  CANDELABRA. 

Report, — Commended  for  excellent  quality  of  glass,  for  fine  cutting  and  engraving,  for 
high  quality  of  form,  and  for  general  excellence  of  the  exhibition. 


John  Millar  ft  Co.,  Edinburgh,  Scotland. 

61  GLASS  TABLE  WARE. 

Report, — Commended  for  good  quality  of  metal,  for  forms,  and  for  engraving. 


Elias  Greiner  Vetter's  Son,  Lauscha,  near  Coburg,  Germany. 

62  DECORATED  GLASS  MARBLES,  BEADS,  AND  ORNAMENTS. 

Report. — Commended  for  variety  of  marbles  and  beads,  and  for  good  enamel  colon. 


N.  Wiederer,  Ffirth,  Bavaria,  Germany. 

63  GLASS  PLATES  CUT  IN  VARIOUS  PATTERNS. 

Report, — Conmiended  for  good  cutting  and  for  low  prices. 


T.  Olivotti,  Venice,  Italy. 

64  GLASS  BEADS  AND  FANCY  ARTICLES. 

Report, — Conmiended  for  good  quality  of  beads  and  fancy  articles. 


David  Bsdendo,  Venice,  Italy. 

65  GLASS  MOSAICS  AND  BEADS. 

Report. — Commended  for  good  quality  of  mosaics  smd  beads. 


Ferro  ft  Co.,  Venice,  Italy. 

66  GLASS  WARES  IN  OLD  VENETIAN  STYLES. 

Report, — Commended  for  good  quality  and  style  of  Venetian  glass  wares. 


The  Ceramic  Gas  Kiln  Co.,  Philadelphia,  Pa.,  U.  S. 

67  GREGG'S  CERAMIC  GAS  KILN. 

Report, -^-^Wi^  ceramic  gas  kiln  can  be  operated  with  advantage,  in  economy  of  fuel  and 
labor,  and  in  uniformity  of  firing. 


Count  von  Harrach's  Glass  Works,  Neuwelt,  Bohemia,  Austria. 

68  DECORATED  GLASS  TABLE  WARES  AND  DECORATIVE  PIECES. 

Report, — Commended  for  variety  of  patterns. 
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Herman  MiUler,  Ulrichsthal,  Bohemia,  Austria. 

69  GLASS  TABLE  WARES  AND  DECORATIVE  PIECES. 

Report. — Commended  for  artistic  designs  and  good  engraving. 


Orphmann  ft  Kessler,  Haida,  Bohemia,  Austria. 

70  DECORATED  GLASS   ORNAMENTAL  ARTICLES. 

Report. — Commended  for  variety  of  good  colors. 


71  J.  ft  L.  Ix>bmeyr,  Viemia,  Austria. 

FINE  GLASS  TABLE  AND  DFSSERT  SERVICES,  AND  ORNAMENTAL  ARTICLES. 

Report. — Commended  for  excellence  of  exhibition  and  general  high  character  of  wares, 
and  for  decorative  design  applied  to  unusually  fine  quality  of  glass. 


Jos.  Ed.  Schmid,  Amiathal,  Bohemia,  Austria. 

72  GLASS  TABLE  WARES  AND  ORNAMENTAL  PIECES. 

Report, — Commended  for  fine  quality  of  glass  and  for  variety  of  good  forais. 


Joseph  Hoyer,  Svetla,  Bohemia,  Austria. 

73  LIME  GLASS  TABLE  WARES,  CUT  AND  MOULDED. 

Report. — Commended  for  good  quality  of  glass  and  moulding,  and  for  low  prices. 


Clemens  Rasch,  Ulrichsthal,  Bohemia,  Austria. 

74  DECORATED  GLASS  TABLE  WARES,  DECORATIVE  PIECES. 

Report, — Commended  for  good  painting  and  general  good  taste. 


C.  Stdlxle's  Sons,  Vienna,  Austria. 

75  GLASS  TABLE  WARES  AND  FANCY  ARTICLES. 

Report, — Commended  for  good  quality  of  glass. 


Meyr's  Nephew,  Adolf,  near  Winterberg,  Bohemia,  Austria. 

76  GLASS  TABLE  WARES  AND  COLORED  WINDOW  GLASS. 

Report, — Commended  for  good  quality  and  variety  of  colors. 


Reymyre  Glass  Factory,  Reymjrre,  Sweden. 

77  GLASS  TABLE  WARES  AND  CHEMICAL  WARES. 

Report, — Commended  for  good  quality  of  metal,  and  for  good  cutting. 


A.  Farris  ft  Co.,  Badalona,  Barcelona,  Spain. 

78  GLASS  TABLE  WARES. 

Report, — Commended  for  good  quality  of  cutting  and  engraving. 


Ut2schneider  ft  Jaunez,  Wasserbillig,  Grand  Duchy  of  Luxemburg. 

79  TERRA-COTTA  PAVING  TILES. 

Report. — Commended  for  utility  of  quality  and  cheapness. 
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F.  E.  Palme's  Son,  Zvecevo,  Austria. 

So  GLASS  TABLE  WARES. 

Report. — Commended  for  useful  quality  and  low  prices. 


C.  Newman  ft  Co.,  San  Franciaco,  Cal.,  U.  S. 

81  GLASS  J>EiajOHNS  COVERED  WITH  ELASTIC  PACKING. 

Report, — Commended  for  good  quality  and  utility,  and  for  ingenious  applicatioii. 


H.  C.  Fox  ft  Sons,  Philadelphia,  Pa.,  U.  8. 

82  DRUGGISTS'  AND  PERFUMERS'  GLASS  WARES. 

Report, — Commended  for  variety  and  utility  of  wares  of  good  quality. 


83  Whiull,  Tatum,  ft  Co.,  Philadelphia,  Pa.,  U.  S. 

CHEMISTS*,  DRUGGISTS*,  AND  PERFUMERS'  WARES  OF  LIMB  AND  GREEN  GLASS. 

Report, — Commended  for  good  quality  of  glass,  and  for  useful  productions  in  great 
variety. 

Aire  ft  Calder  Glass  Bottle  Co.,  London,  England. 

84  GLASS  BOTTLES  AND  JARS. 

Report, — Commended  for  good  quality  and  suitability  to  purposes. 


Kilner  Brothers,  London,  England. 

85  GLASS  BOTTLES  AND  JARS. 

Report. — Commended  for  good  quality  of  glass,  and  for  fitting  of  stoppers. 


H.  Underberg-Albrecht,  Rheinberg,  Prussia. 

86  GLASS  WINE  AND  LIQUOR  BOTTLES. 

Report. — Commended  for  good  quality  and  manufacture. 


Austrian  Glass  Foundry  Association,  Aussig,  Bohemia,  Austria. 

87  GLASS  BOTTLES  AND  JARS. 

Report, — Commended  for  regularity  of  make. 


Richard  C.  Remmey,  Philadelphia,  Pa.,  U.  S. 

88  CHEMICAL  STONEWARE. 

Report. — Commended  as  well  fitted  for  purpose,  and  cheap. 


Franx  Batka,  Prague,  Bohemia,  Austria. 
89  chemists'  and  druggists*  glass. 

Report. — Commended  for  good  character  of  glass,  variety  of  productions,  and  utinty. 


Chance  Brothers  ft  Co.,  Birmingham,  England. 

90  GLASS  Discs  FOR  OPTICAL  PURPOSES. 

Report. — Commended  for  fine  quality  of  glass. 
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S.  P.  SaHaadfoiue,  Cincmnad,  Ohio,  U.  S. 

91  SILVERING  OP  LARGE  PLATE  GLASS. 

Report, — Commended  for  successful  work. 


D.  Dunad,  New  York,  U.  S. 

92  MIRROK  CUT  AND  ORNAMENTED  IN  THE  TENETJAN  STYLE. 

Report, — Commended  for  design  of  cutting  and  ornamentation. 


Louisville  Plate  Olaaa  Manufacturing  Co.,  Louisville,  Ky.,  U.  S. 

93  LARGE  GLASS   PLATE. 

Report, — Commended  as  an  advance  in  manufactures. 


Mirror  and  Chemical  Manufactories  of  St.  Gobain,  Chauny,  and  Cirey,  8tolber|^ 

and  Mannheim,  Germany. 

94  THICK  GLASS  PLATES,  CAST,  ROUGH,  AND  POLISHED. 

Report, — Commended  for  good  quality  of  glass  plates. 


Cohansey  Glass  Co.,  Bridgeton,  N.  J.,  U.  S. 

95  WINDOW  GLASS,  FRUIT  JARS. 

Report, — Commended  for  utility  of  fruit  jars  and  good  quality  of  window  glass. 


96        Leopold  Heilbronn,  FtErth,  near  Nuremberg,  Germany. 

BLOWN  WHITE  GLASS   MIRRORS,   POLISHED  AND  FOUATED  WITH  QUICKSILVER. 

Report. — Commended  for  utility  and  cheapness. 


Christian  Winkler  ft  Son,  Fttrth,  near  Nuremberg,  Germany. 

97  COMMON  BLOWN  GLASS  MIRRORS  SILVERED,  AND  CYLINDERS. 

Report, — Commended  for  good  quality  and  cheapness. 


Luigi  Olivieri,  Venice,  Italy. 

98  GLASS  MIRRORS  AND   FANCY  ARTICLES. 

Report. — Commended  for  good  quality  of  mirrors  and  candelabra. 


Mirror  and  Chemical  Manufactories  of  St.  Gobain,  Chauny,  and  Cirey,  Paris, 

France. 

99  PLATE  GLASS  AND  MIRRORS,  AND  LARGE  CASTINGS  OF  GLASS. 

Report, — Commended  for  excellent  plate  and  for  good  moulding  in  glass,  and  for  ex- 
traordinarily large  sizes  of  plates. 


A.  Schmidt  ft  Co.,  Jumet,  near  Charleroi,  Belgium. 

CORRUGATED  GLASS 

Report, — Commended  for  good  quality. 


*  100  CORRUGATED  GLASS  PLATES  FOR  REFLECTORS. 


Alphonse  Morel,  Lodelinsart,  Belgium. 

lOr  WINDOW  GLASS  OF  LARGE  SIZE. 

Report, — Commended  for  good  quality. 
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Schmidt,  Drvilles,  ft  Co.,  Dampremy,  near  Charieroi,  Belgium. 

102  VERY  THICK  AND  LARGE  WINDOW  GLASS. 

Report. — ^Commended  for  good  quality  of  yery  thick  window  glass. 


L.  Lambert  ft  Co.,  Jumet,  near  Charleroi,  Belgium. 

103  WINDOW  GLASS,  LARGE  SIZE. 

Report, — Commended  for  good  quality. 


Casimir  Lambert  Son,  Charleroi,  Belgium. 

104  WINDOW  GLASS  OF  LARGE  SIZES. 

Report. — Commanded  for  good  quality. 


A.  Pourcault-Prison  ft  Co.,  Dampremy,  near  Charleroi,  Belgium. 

105  WINDOW  GLASS  OF  LARGEST  SIZE. 

Report, — Commended  for  good  quality  and  for  large  sizes. 


De  Looper,  Haidin,  ft  Co.,  Gosselies-Courcelles,  Belgium. 

106  WINDOW  GLASS  AND  CYLINDERS  OF  LARGEST  SIZE. 

Report, — Large  cylinders  of  good  quality. 


L.  de  Dorlodot  ft  Co.,  Lodelinsart,  Belgium. 

107  .     WINDOW  GLASS   FOR  VARIOUS  PURPOSES. 

Report, — Commended  for  good  quality. 


A.  Bougard,  H.  Le  Bnin,  ft  Co.,  Rous,  near  Charleroi,  Belgium. 

108  THICK  WINDOW  GLASS  PLATES. 

Report, — Commended  for  good  quality. 


Anonymous  Society  of  Courcelles,  Courcelles,  Belgium. 

109  GLASS  PLATES,  LARGE,  AND  OF  TRIPLE  THICKNESS. 

Report, — Commended  for  very  good  quality. 


Anonymous  Society  of  Hainaut,  Rouz  near  Charleroi,  Belgium. 

no  GLASS  MIRROR  OF  LARGE  SIZE. 

Report, — Commended  for  good  silvering  and  polishing. 


Floreffe  Company,  Floreffe  near  Namur,  Belgium. 

Ill  GLASS  MIRRORS  OF  LARGE  SIZE. 

Report, — Conunended  for  good  quality. 


A.  B.  Daniell  ft  Son,  London,  England. 

112  PORCELAIN  POTTERY. 

Report, — Commended  for  a  very  important  and  instructive  exhibition,  and  for  some  of 
the  wares,  the  excellent  decorations  of  which  have  been  either  designed  or  suggested  by 
the  exhibitors. 
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Kawamoto  Masukichi,  Nagoya,  Province  of  Owari,  Japan. 

113  DECORATIVE  PORCELAIN. 

Report. — A  most  important  collection  of  specimens,  some  of  which  are  in  the  highest 
degree  remarkable  for  skill  in  potting ;  also  for  excellent  decoration. 


Maurice  Fischer's  Sons,  Herend,  Hungary,  Austria. 

114  PORCELAIN. 

Report, — Commended  for  general  accuracy  of  reproduction  of  the  styles  of  the  last  cen- 
tury, and  for  delicacy  of  perforated  work. 


Hanske  Seto,  Owari,  Japan. 

115  DECORATIVE  PORCELAIN. 

Report, — Commended  for  good  potting  and  delicate  decoration. 


Kanxan  Denshichi,  Kiyoto,  Japan. 

116  PORCELAIN  WITH  ORIGINAL  DECORATION. 

Report, — Commended  for  original  and  excellent  decoration. 


Shippo-Kuwaisha,  Nagoya,  Japan. 

117  PORCELAIN  COATED  WITH  CLOISONNt  ENAMEL. 

Report, — Commended  for  successful  manufacture;  some  Ingenious  designs  skillfully 
carried  out,  producing  good  decorative  effect. 


K.  Shinoda,  Kaga,  Japan. 

118  DECORATIVE  PORCELAIN. 

Report, — Commended  for  good  design  of  some  forms,  and  good  and  artistic  decoration. 


Hijrochiyen-sha,  Tokio,  Japan. 

119  DECORATIVE  PORCELAIN. 

.    Report. — Commended  for  admirable  decorative  painting,  showing  in  some  pieces  a  very 
high  artistic  feeling  for  color  and  ornamental  design. 


Museum  of  Fine  Arts  applied  to  Industry,  Moscow,  Russia. 

120  ENAMELED  TERRA-COTTA. 

Report. — Commended  for  brilliant  decoration  in  early  styles,  retaining  national  char- 
acteristics. 


Astbury  &  Maddock,  Trenton,  N.  J.,  U.  S. 

121  SANITARY  EARTHENWARE. 

Report. — Commended  for  good  quality  and  fitness  to  purpose. 


Laughlin  Brothers,  East  Liverpool,  Ohio,  U.  S. 

122  WHITE  GRANITE  WARES. 

Report. — Commended  for  serviceable  body  and  glaze ;  well  fitted  for  purposes  intended. 
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Willmm  Young's  Sons,  Trenton,  N.  J.,  U.  8. 

123  WHITE  GRANITE  TABLE  WARES,  "CC."   WARES. 

^iQ^o^f.— Commended  for  good  quality  of  body  and  glaze;  "C.  C."  wares  veiy  good; 
also  "dipped"  wares. 

Joseph  H.  Moore,  Trenton,  N.  J.,  U.  S, 

124  WHITE  GRANITE  TABLE  WARES,  BISCUIT,  AND  PARIAN. 

Report, — Commended  for  good  quality  of  body  and  glaze  of  "granite"  ware;  bbcuit 
flowers  delicately  modeled. 

Isaac  Davis,  Trenton,  N.  J.,  U.  S. 

125  WHITE  GRANITE  WARES. 

^^^0ff .-r-Commended  for  good  quality  of  body  and  glaze,  and  for  fine  blue  color ;  also 
for  improvement  in  avoiding  the  too  frequent  clumsiness  of  this  ware ;  some  pieces  are  thin 
and  delicately  formed, 

Glasgow  Pottery  Co.,  Trenton,  N.  J.,  U.  S. 

126  WHITE  GRANITE  WARES. 

Report, — Commended  for  good  quality  of  body  and  glaze ;.  good  "  pen"  gilding. 


American  Crockery  Co.,  Trenton,  N.  J.,  U.  8. 

127  WHITE  GRANITE  WARES. 

Report, — Commended  for  good  quality  of  body  and  glaze ;  decoration  neat  and  effect 
satisfactory. 

Manufactory  of  Artistic  Faience  of  Glen,  Loiret,  France. 

128  SOFT-BODIED  FAIENCE. 

Report, — Commended  for  artistic  quality  in  design  and  decoration,  and  for  success  in 
producing  objects  possessing  much  merit  at  low  cost. 


A.  Montagnon,  Nevers,  France.  ' 

129  FAIENCE  IN  OLD  FRENCH  STYLE. 

Report, — Commended  for  skillful  potting,  design,  and  painting  of  ornament. 


J.  Aubry,  Bellevue,  France. 

130  DECORATED  FAIENCE. 

Report, — Commended  for  freedom  and  vigor  of  clecorative  drawing;  correct  reproduction 
of  early  styles  of  ornament. 

Herrman  Ostrand,  Helsingborg,  Sweden. 

131  STONEWARE. 

Report, — Commended  for  good  quality  of  body,  and  serviceable  in  form. 


Wendrich  ft  Son,  Copenhagen,  Denmark. 

132  TERRA-COTTA  VASES,  ETC. 

Report, — Commended  for  elegance  of  forms  and  general  good  designs  in  small  vases. 
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P.  Ipsen's  Widow,  Copenhagen,  Denmerk. 

133  TERRA-COTTA  VASES,  ETC. 

Report. — Commended  for  an  important  exhibition,  and  for  fine  modehng  and  sucoessful 
potting,  and  especially  for  excellent  drawing  of  ornaments. 


Hdganfts  Coal  Mining  Co.,  HdganMs,  Sweden. 

134  TERRA-COTTA  STONEWARE,   AND  FIRE-BRICKS. 

Report, — Commended  for  good  design  and  moulding  of  terra-cotta;  stoneware  service- 
able and  judiciously  ornamented.     Fire-bricks  of  excellent  quality. 


F.  Garcia  Montalvan,  Seville,  Spain. 

135  EARTHENWARE. 

Report, — Earthenware  with   a  coarse  but  bold  and  effective  decoration,--extremely 
cheap. 

Ott  St  Brewer,  Trenton,  N.  J.,  U.  S. 

136  WHITE  GRANITE  WARES  AND  PARIAN   FIGURES  AND  PLAQUES. 

Report, — Commended  for  good  quality  of  body  and  glaze  of  "granite"  ware,  figures  in 
Parian  modeled  by  Mr.  Broome,  new  design  of  toilet  wares,  general  attention  to  design. 


Alois  Klammerth,  Znaixn,  Moravia,  Austria. 

137  STONEWARE  AND  DOMESTIC  WARE, 

Report, — Commended  for  good  quality  of  stoneware,  hard  in  body,  and  several  designs 
good ;  aL^o  for  very  cheap  domestic  wares. 


Telegraphic  Supply  Co.,  formerly  of  H.  Schomburg,  Berlin,  Prussia. 

138  TELEGRAPH  WARES  OF  PORCELAIN. 

Report. — Commended  for  excellent  adaptation  to  purpose. 


Miguel  Nolla  ft  Son,  Meliana,  Valencia,  Spain. 

139  TILES. 

Report. — Commended  for  great  variety  of  designs,  many  very  good  and  effective. 


Manuel  de  Soto  y  Tello,  Seville,  Spain. 

140  TILES. 

Report. — Commended  as  well  fitted  for  brilliant  mural  decoration,  variety  of  design, 
and  effective  use  of  excellent  color. 


Pickman  ft  Co.,  Seville,  Spain. 

141  TILES. 

Report. — Commended  for  good  and  effective  color,  and  lustred  glaze  fairly  used ;  ex- 
cellent for  decoration. 


E.  Muller  ft  Co.,  Ivry,  France. 

142  TILES  AND  PERFORATED  BRICKS. 

Report, — Commended  for  good  quality  of  body  of  tiles  and  bricks ;  ingenious  arrange- 
ment for  ceiling  tiles. 
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Wilton  MitcheU,  Philadelphia,  Pa.,  U.  S. 

143  COMPKESSED  PAVING  TILES  OF  VARIOUS  COLORS. 

Rtport, — The  tiles  are  well  moulded,  are  smooth  on  the  surface,  and  possess  sufficient 
strength  and  hardness  to  adapt  them  to  paving  areas,  cellars,  walks,  halls  of  stores,  and 
public  buildings. 

ViUeioy  ft  Boch,  Mettlach,  Germany. 

144  TILES  FOR  ARCHITECTURAL  USES. 

Report. — Commended  for  good  quality  and  quiet  tones  of  color,  suitable  to  certain  classes 
of  mural  and  other  decoration. 


Maw  ft  Co.,  Broseley,  Shropshire,  England. 

145  TILES. 

Report, — Commended  for  high  quality  of  embossed  and  glazed  encaustic  tiles,  and  for 
general  excellence  of  exhibition. 

Ravesteijn  Bros.,  Westraven,  Netherlands. 

146  PAINTED  TILES. 

Report, — Commended  for  decoration  successfully  executed 'in  style  of  the  old  Dutch  tiles ; 
color  fair. 

Minton,  Hollins,  ft  Co.,  Stoke-upon-Trent,  England. 

147  TILES. 

Report, — Commended  for  high  merit  of  encaustic  and  various  mural  tiles ;  for  variety  of 
designs  and  artistic  work  on  panels. 


C.  Q.  L.  Koolemans-Beynen,  Willeskop,  near  Oudewater,  Netherlands. 

148      COMMON  AND   HOLLOW  BRICKS,   "DUTCH  TRASS,"   AND   ROOFING  TILES. 

Report. — It  is  an  interesting  and  instructive  display  of  materials  in  general  use  for  build- 
ing purposes  in  the  Netherlands.  The  bricks  and  tiles,  though  not  beautiful  in  form  and 
color,  are  durable,  and  many  of  them  are  very  hard  and  tough.  The  trass  is  of  good 
quality,  and  well  adapted  to  purposes  of  construction. 


P.  Krishtafovitch,  Oorodishtche,  Russia. 

149  FIRE-BRICK. 

Report, — Commended  for  good  make  and  refractory  character. 


Mehmed,  Constantinople,  Turkey. 

150  RED  TERRA-COTTA. 

Report, — Commended  for  decoration  used  with  skill  and  effect. 


Ismail  Ousts,  Jerusalem,  Syria,  Turkey, 

151  ORNAMENTAL  TERRA-COTTA. 

Report, — Commended  for  patterns  of  good  design. 


P.  Goedewaagen,  Oouda,  Holland. 

152  TOBACCO  PIPES. 

Report, — Commended  for  excellent  quality;  accurately  moulded  and  finished. 
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Newton  ft  Co.,  Albany,  N.  Y.,  U.  S. 

153  FIRE-BRICK  LININGS  FOR  STOVES,  RANGES,  AND  HEATERS. 

Report, — A  large  and  varied  display;  good  shapes,  well  moulded,  and  suited  to  the 
purposes. 

154    Philip  Neukumet,  Philadelphia,  Pa.,  and  Perth  Amboy,  N.  J.,  U.  S. 

CLAY   RETORTS  FOR  GAS  WORKS,  FIRE-BRICK  FOR  GAS  WORKS,  BLAST  FURNACES,  ETC. 

Report. — A  large  exhibit  of  gas  retorts,  porcelain  funvices,  fire-brick,  blocks  and  tile ; 
good  shape,  well  burnt,  and  refractory. 


Kier  Bros.,  Salina,  Pa.,  U.  S. 

155  FIRE-BRICK,  FURNACE  BRICK,  ARCHES,  AND  KEYS. 

Report, — A  small  exhibition  of  articles  of  good  reputation  and  standard  value. 


Dover  Fire-Brick  Co.,  Canal  Dover,  Ohio,  U.  S. 

156  FIRE-BRICK. 

Report, — Common  shaped  fire-brick,  good  quality. 


B.  Kreischer  ft  Son,  New  York  City,  N.  Y.,  U.  S. 

157  CLAY  RETORTS,  MUFFLE  OR  ASSAY   FURNACES. 

Report, — Good  shapes  and  well  made. 


158  Union  Mining  Co.,  Alleghany  County,  Md.,  U.  S. 

FIRE-BRICK   FOR  BLAST  FURNACES  AND  SIEMENS-MARTIN   FURNACES. 

Report, — ^The  exhibit  is  large,  and  contains  the  various-sized  articles  used  in  the  construc- 
tion of  blast  furnaces  and  Siemens-Martin  furnaces ;  well  made  and  of  excellent  quality. 


159  Robert  Taylor  ft  Co.,  Philadelphia,  Pa.,  U.  S. 

BLACK-LEAD  CRUCIBLES  AND  LARGE  RETORTS  FOR   DISTILLING  ZINC  FROM  SILVER. 

Report. — ^This  exhibit  contains  all  sizes  of  black-lead  crucibles  for  smelting  metals,  and 
retorts  for  distilling  zinc  from  silver.    They  are  well  made  and  of  excellent  quality. 


McElroy  ft  Co.,  Philadelphia,  Pa.,  U.  S. 

160  CLAY  TOBACCO  PIPES. 

Report, — Commended  for  good  quality  and  for  advance  in  manufacture. 


161  Phcenix  Manufacturing  Co.,  Taunton,  Mass.,  U.  S. 

BLACK-LEAD  CRUCIBLES   FOR  SMELTING  STEEL,  BRONZE,  ETC,  AND  STILLS  FOR  ZINC. 

Report. — A  large  exhibit,  well  made  and  of  good  quality. 


Pablo  Cucumey,  Barcelona,  Spain. 

162       FIRE-CLAY  ASSAY  AND  CUPEL  FURNACES  FOR  COAL  AND  GAS. 

Report, — Commended  as  good  and  cheap. 


National  Factory  of  Trubia,  Trubia,  Oviedo,  Spain. 

163  nRE-BRICK. 

Report, — Commended  for  refractory  qualities. 
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J.  Oambier,  Widow,  Qivet,  Ardennes,  Prance. 

164  TOBACXX)  PIPES. 

Report, — Commended  for  pipes  of  good  quality,  some  ornamented  with  busts  skillfully 
moulded. 

Gerardo  Sagarminaga,  Madrid,  Spain. 

165  FIRE-CLAY  CRUCIBLES. 

Reports — Commended  for  good  quality. 


L.  Fiolet,  St.  Omer,  Prance. 

166  TOBACCO  PIPES. 

lieport, — Commended  for  good  quality  and  moulding. 


Molas  ft  Co.,  Barcelona,  Spain. 

167  CLAY  GAS  RETORT. 

Report, — Not  remarkable  for  finish,  but  of  good  material. 


D^sir^  Barth,  Andennelle  near  Andenne,  Belgium. 

168  TOBACCO  PIPES. 

Report. — Commended  for  good  quality  and  low  price. 


Anonymous  Society  of  Seilles-lea-Andenne  and  Bouffioulz,   Seilles-lez- 

Andenne,  Belgium. 

169  CLAY  GAS  RETORTS  AND  GAS  FURNACES,  FIRE-BRICKS  AND  SLABS. 
Report, — Commended  as  well  moulded  and  of  good  quality. 


Dizon  Crucible  Co.,  Jersey  City,  N.  J.,  U.  S. 

170  GRAPHITE  CRUCIBLES. 

Report, — Commended  for  refractory  character,  durability,  and  excellence  of  form;  ex- 
hibited with  a  collection  of  graphite  mined  at  Ticonderoga  and  collected  from  commercial 
and  other  sources,  which  is  of  scientific  and  practical  interest. 


J.  P.  Alexander,  Akron,  Ohio,  U.  S, 

171  FIRE-BRICKS. 

Report. — The  bricks  possess  a  high  refractory  power. 


Davis  ft  Chaddock,  Boston,  Mass.,  U.  S. 

172  FIRE-BRICK. 

Report. — A  small  exhibit  of  common  size  fire-brick  of  good  quality. 


American  Kaolin  Co.,  Philadelphia,  Pa.,  U.  S. 

173  FIRE-BRICKS. 

Report. — Commended  for  common  shapes,  well  made,  and  of  good  quality. 


The  Dominion  of  Canada  Plumbago  Co.,  Buckingham,  Canada. 

174  PLUMBAGO  CRUCIBLES. 

Report. — Commended  as  well  made  and  durable. 
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175  Harper  ft  Moores,  Stourbridge,  England. 

FIRE-BRICK  FOR  BLAST  FURNACES  AND  SMALL  ASSAY  FURNACES. 
Report. — Commended  as  well  shaped  and  of  good  quality. 


Oundlach  Bros.,  Qrossalmerode,  Hesse,  Germany. 

176  FIRE-BRICK  AND  BLACK-LEAD  CRUCIBLES. 

Report, — Commended  for  make,  quality,  and  refractory  character. 


177  Wilhelm  Qundlach  ft  Son,  Grossalmerode,  Hesse,  Germany. 

TRIANGULAR-SHAPED  AND  ROUND  HESSIAN  CRUaBLES  FOR  MELTING  BRONZE,  SILVER, 

AND  GOLD. 

Report, — Commended  for  good  quality  and  refractory  character. 


John  Gundlach,  Jr.,  Grossalmerode,  Hesse,  Germany. 

178     LARGE  AND  SMALL  HESSIAN  CRUCIBLES   FOR  MELTING  BRONZE. 

Report, — Commended  as  well  made  and  of  good  quality. 


179     Stettin  Pire-Brick  Manufacturing  Co.,  Stettin,  Germany. 

INTERIOR  GLAZED  GAS  RETORTS   AND  GAS   FURNACE  FIRE-BRICK   FITTINGS. 

Report. — Commended  for  uniform  glaze  and  good  quality. 


Bulmer  ft  Sheppard,  Montreal,  Canada. 

I  So  FOUR  COMMON   BRICKS. 

Report, — The  bricks  are  of  good  quality  and  color,  and  are  well  fired. 


181  Geo.  King  Harrison,  Stourbridge,  England. 

FIRE-BRICKS  AND  GLASS  HOUSE  POT  CLAY;    SOME  UNBURNT  BRICKS. 

Report, — The  bricks  are  highly  refractory,  and  the  clay  sustains  a  high  heat  with  very 
slight  contraction.  

Lee  Bros.,  St.  John,  New  Brunswick,  Canada. 

182  COMMON   HARD  BRICKS. 

Report. — The  bricks  are  of  good  quality,  being  very  hard  and  strong,  well  moulded  and 
fired,  and  of  an  agreeable  dark  red  color. 


Wood  ft  Ivery,  West  Bromwich,  Staffordshire,  England. 

183  BLUE  BRICK  AND  TERRA-METALLIC  WARE. 

Report, — Commended  for  hard,  solid  body,  well  moulded  and  sharp. 


Thomas  Peake,  Tunstall,  England. 

184  BLUE  BRICK  AND  TERRA-METALUC  WARES. 

Report. — Commended  for  compact  texture ;  excellent  for  solidity. 


Johnson  ft  Co.,  Ditchling,  Sussex,  England. 

185  ARCHITECTURAL  TBRRA-COTTA. 

Report. — Commended  for  good  selection  of  designs  and  good  modeling. 
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SilTa  ft  Sant08»  Oporto,  Portugal. 

1 86  TBRKA-COTTA  nCUKES. 

Report, — G)inmended  as  very  clever  in  ihodeling  and  natural  in  expression. 


Miguel  Campolini,  Oporto,  Portugal. 

187  TERRA-COTTA  FIGURES. 

Report, — Commended  as  cleverly  modeled  and  expressive. 


Baltimore  Terra-Cotta  Works  (E.  W.  Rittenhouse  ft  Bio.),  Baltimore,  Md., 

U.  S. 

188  TERRA-COTTA  DRAIN  AND  SEWER  PIPE. 

Report, — ^The  material  is  of  good  body,  hard,  compact,  and  strong. 


Jofo  do  Rio,  Jr.,  Oporto,  Portugal. 

189  TERRA-COTTA  STATUETTES. 

Report, — G>mmended  as  good  in  design  and  successfully  potted. 


N.  U.  Walker,  WeUsviUe,  Ohio,  U.  S. 

190  GLAZED   SEWER  PIPES. 

Report, — Commended  for  good  and  hard  body. 


191  C.  W.  Bosmton,  Woodbridge,  N.  J.,  U.  S. 

VITRIFIED    DRAIN  AND    SEWER    PIPE,   PERFORATED  VOUSSOIRS,   PERFORATED  AND   SOLID 

SLABS. 

Report, — ^All  the  goods  have  a  good  body,  are  well  fired,  strong,  and  durable,  and  excep- 
tionally meritorious. 

Vaiss,  Martin,  ft  Co.,  Constantinople,  Turkey. 

192  COMMON  AND   HOLLOW  BRICKS. 

Report, — The  bricks  are  well  burnt,  hard  and  strong,  and  notably  low  in  price. 


Harvey  ft  Adamson,  Philadelphia,  Pa.,  U.  S. 

193  TERRA-COTTA  GLAZED  DRAIN  AND  SEWER  PIPES. 

Report, — Commended  for  good  quality  and  fitness  for  purpose. 


Carson  ft  Sons,  Riverton,  Warren  County,  Va.,  U.  S. 

194  ONE  JAR   OF  UNSLAKED  LUMP  UME. 

Report, — ^The  lime  slakes  well,  is  very  white,  and  valuable  for  building  purposes. 


S.  M.  Hamilton,  Baltimore,  Md.,  U.  8. 

195  CUMBERLAND  CEMENT. 

Report, — ^The  Cumberland  cement  is  a  quick-setting,  natural  hydraulic  cement,,  and 
stands  deservedly  high  among  cements  of  that  type. 
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Michael  Bhret,  Jr.,  Philadelphia,  Pa.,  U.  S. 

196  GRANULATED  SLAG  HOOFING. 

Report, — It  is  one  of  the  best  roofs  of  its'  class  in  impervionsness  to  water  and  in 
durability. 

Otto  Hiller,  Berlin,  Germany. 

197  MASTIC  ROOFING  MATERIALS,  AND  MODEL  OF  MASTIC  ROOF. 

Report, — The  coal-tar  product  appears  to  have  been  skillfully  prepared,  and  the  felt  is 
of  good  quality  and  well  saturated  with  the  coal-tar  mixture.  The  sample  of  finished  roof- 
surface  takes  rank  among  the  best  of  its  kind. 


Wampum  Cement  and  Lime  Co.  (Limited),  New  Castle,  Pa.,  U.  S. 

198    PORTLAND  CEMENT,  AND  ARTIFICIAL  STONE  MADE  FROM  SAME. 

Report, — The  strength  and  hardness  of  this  cement  place  it  among  Portland  cements  of 
good  standard  quality,  and  the  specimens  of  artificial  stone  made  from  it  are  strong,  dense, 
and  well  moulded.    The  ground  cement  is  amply  heavy,  and  of  good  color. 


Louis  Scharlach,  Jr.,  Hamburg,  Germany. 

199  PREPARED  ROOFING  FELT. 

Report, — The  felt  is  firm  in  texture,  and  thoroughly  saturated  with  a  mastic  of  good 
quality. 

Carl  S.  Haeussler,  Hirschberg,  Germany. 

200  WOOD-CEMENT  ROOFING. 

Report, — It  is  an  improved  method  of  constructing  a  good  roof  covering  at  a  moderate 
cost. 

201  Cedar  Hollow  Lime  Co.,  Philadelphia,  Pa.,  U.  S. 

LIME,  MODEL  OF  LIMEKILN,  AND  MODEL  OF   HOUSE  FOR   STORAGE  OF  LIME  AND  OF  CAR 

FOR   TRANSPORTING  IT. 

Report. — The  lime  is  of  good  quality;  and  the  design  for  storage-house,  and  car  for 
transporting  lime,  very  creditable. 

D.  W.  Denton,  Philadelphia,  Pa.,  U.  S. 

202  ARTIFICIAL  SLATE  ROOFING,  APPLIED  WARM  IN  SHEETS. 

Report, — Commended  for  the  ease  with  which  it  is  prepared  and  applied,  its  power  to 
withstand  the  effects  of  change  of  temperature,  and  its  comparative  durability. 


203  The  Coplay  Cement  Co.,  AUentown,  Pa.,  U.  S. 

SAYLOR'S  PORTLAND  CEMENT,  COPLAY   HYDRAULIC  CEMENT,   ANCHOR  CEMENT,  AND 

ARTIFICIAL  STONE. 

Report, — The  strength  and  hardness  of  the  Saylor  Portland  cement  place  it  high  among 
the  Portland  cements  of  good  standard  quality,  and  the  artificial  stone  made  with  it  is 
strong,  dense,  and  well  moulded.  The  cement  is  heavy  and  of  good  color.  The  Coplay 
and  the  Anchor  cements  are  good,  quick-setting,  natural  hydraulic  cements,  of  average 
strength  and  hardness. 
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204     The  Fire-Proof  Buildincr  Co.  of  New  York,  N.  Y.,  U.  S. 

FIRE-PROOF  HOLLOW  BLOCK  OF  TEIL  LIME  OOMFOSITION  FOR  BUILDING  PURPOSES. 

Report, — ^The  blocks  are  sufficiently  fire-proof,  possess  snffident  strength,  and  offer 
sufficient  resistance  to  water  and  frost  to  give  them  a  high  value  for  building  purposes  in 
constructions  intended  to  prevent  or  resist  conflagrations. 


205  Charles  Tremain,  Menlius,  Onondaga  County,  N.  Y.,  U.  S. 

RYDRAUUC  CEMENT  AND  FLAGGING,  BUILDING  BLOCKS  AND  ORNAMENTS  MADE  FROM 

SAME. 

Report. — The  cement  is  quick-setting  and  good  of  its  kind,  and  the  flagging  and  build- 
ing blocks  are  neatly  moulded  and  durable. 


206  Howe's  Cave  Association,  Howe's  Cave,  New  York,  U.  S. 

NATURAL  HYDRAULIC  CEMENT, — THREE  BARRELS  FROM  DIFFERENT  STRATA  OF  THE 

QUARRY. 

Report, — One  barrel  of  the  cement  is  of  good  quality  and  sets  quickly,  and  is  suitable 
for  submarine  and  subterranean  constructions. 


The  Allen  Cf  ment  Co.,  Siegfried's  Bridfi^e,  Pa.,  U.  S. 

207  NATURAL  HYDRAULIC  CEMENT. 

Report, — It  is  a  good,  quick-setting,  natural  hydraulic  cement,  of  an  agreeable  color,  and 
suitable  for  submarine  and  subterranean  constructions. 


Adam  Weber,  New  York,  N.  Y.,  U.  S. 

208  FIRE-BRICKS,  CLAY  AND  ENAMELED  CLAY  RETORTS. 

Report, — Commended  for  smoothness  of  surface,  strength,  and  uniformity  of  texture. 
The  enameling  of  the  retorts  internally  and  externally  is  an  important  improvement,  effi- 
ciently and  successfully  carried  out. 


Bums,  Russell,  ft  Co.,  Baltimore,  Maryland,  U.  8. 

209  HAND-PRESSED  BRICK   MASONRY. 

Report, — ^The  bricks  have  an  excellent  body,  are  well  fired,  true  in  form,  and  of  beauti- 
ful dark-red  color.     The  masonry  shows  skillful  workmanship. 


P.  P.  Quackenboss,  Philadelphia,  Pa.,  U.  S. 

210  FOUR  LARGE  ARTIFICIAL  STONE  VASES. 

Report, — The  vases  are  well  moulded,  the  ornaments  being  sharp  and  distinct  and  the 
material  hard  and  sufficiently  strong. 


Rowland  ft  Sprogle,  New  York,  N.  Y.,  U.  8. 

211  ARTIFICIAL  CARBONATED  STONE. 

Report, — The  method  of  hardening  the  stone  with  carbonic  acid  is  good,  and  the  stone 
is  compact,  hard,  and  well  moulded. 


A.  Q.  Day,  Seymour,  Conn.,  U.  S. 

212  VULCANIZED  PAVING  BLOCKS. 

Report, — An  improved  method  of  treating  a  mixture  of  coal  tar  and  bitumen  for  paving 
purposes. 
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Phoenix  Stone  Manufacturing  Co.,  Philadelphia,  Pa.,  U.  8. 

213  ARTIFICIAL  STONE  FLAGGING  AND  BUILDING  BLOCKS. 

Report, — The  materials  are  compacted  in  iron  moulds  under  a  steam-hammer,  and  the 
flags  and  blocks  exhibited  are  very  hard,  dense,  and  strong.  They  are  also  cheap,  and  are 
doubtless  durable. 


A.  H.  Laven,  London,  England. 

214  PORTLAND  CEMENT. 

Report. — The  Portland  cement  is  of  good  standard  quality  with  respect  to  strength  and 
hardness,  and  is  finely  ground  and  of  good  color. 


215  Francis  &  Co.,  Cliffe  Creek,  Rochester,  England. 

PORTLAND  AND  PARIAN  CEMENTS,   AND  ARTICLES  MOULDED   FROM  SAME. 

Report. — The  Portland  cement  is  of  good  average  quality,  and  the  Parian  cement  is  of 
superior  quality.  The  articles  moulded  from  the  cements  are  strong  and  neatly  formed, 
with  sharp  angles  and  edges,  especially  the  pieces  of  mouldings  in  Parian  cement. 


Wouldham  Cement  Co.,  Wouldham-on-Medway,  England. 

216  PORTLAND  CEMENT. 

Report. — The  strength  and  hardness  of  the  Wouldham  cement  place  it  high  among 
Portland  cements  of  good  standard  quality.  The  cement  is  heavy  and  of  good  color,  and 
the  mortar  made  from  it  is  hard,  strong,  and  dense. 


HoUick  &  Co.,  Greenwich,  England. 

217  PORTLAND  CEMENT. 

Report. — The  Portland  cement  is  of  excellent  quality,  is  finely  ground,  and  produces  a 
mortar  of  great  strength,  hardness,  and  density. 


Wm.  McKay,  Ottawa,  Ontario,  Canada. 

218  HYDRAULIC  CEMENT   (A   PATENTED  ARTICLE). 

Report. — McKay's  patent  cement  is  of  fair  average  quality  as  compared  with  the  good 
grades  of  Portland  cement,  but  possesses  three  times  the  strength  and  hardness  of  ordinary 
quick-setting  natural  hydraulic  cements. 


P.  Gauvreau  ft  Co.,  Quebec,  Canada. 

219  HYDRAULIC  CEMENT  AND  ARTIFICIAL  STONE. 

Report. — The  cement  is  quick-setting  and  excellent  of  its  kind,  and  the  specimens  of 
artificial  stone  are  fairly  moulded,  and  of  sufficient  strength  and  hardness  for  the  purposes 
for  which  they  are  severally  intended. 


Toepffer,  Grawita,  &  Co.,  Portland  Cement  Factory  **  Stem,*'  Stettin,  Germany. 

220  PORTLAND  CEMENT. 

Report. — The  Portland  cement  is  of  excellent  quality,  is  finely  ground,  and  produces  a 
superior  mortar  of  great  strength,  hardness,  and  density.  No  Portland  cement  superior  to 
it  is  exhibited. 
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Albert  Manufacturing  Co.,  Hillsborough,  New  Brunswick,  Canada. 

221  RAW   AND   CALCINKD  GYPSUM. 

Report, — The  plaster  is  of  excellent  quality,  is  pure  white,  and  is  very  valuable  for  deco- 
rative purposes,  especially  when  artistic  finish  is  desired. 


C.  Schmidt,  Riga,  Russia. 

222  ROMAN   AND    PORTLAND   CEMENT. 

Report, — The  Roman  cement  is  of  good  quality,  being  quite  equal  in  strength  and  hard- 
ness to  the  average  quick-setting  natural  Clements. 


223  Lonquety  &  Co.,  Boulog^e-sur-Mer,  France. 

PORTLAND  CEMENT,   AND  CHMENT-CONCRETE  FLAGGING,  AND  CEMENT  TANK. 

'Report. — The  cement  is  of  a  gout  I  quality,  and  the  articles  made  with  it  are  well  moulded, 
hard,  dense,  and  compact. 

224  L.  &  B.  Pavin  de  Lafarge,  Viviers,  near  Teil,  Prance. 

PORTLAND  CEMENT,   HYDRAULIC   LIME,   AND  CEMENT  TILES   AND   BALUSTRADICS. 

Report. — The  cement  is  of  a  good  quality,  and  the  tiles  and  balustrades  are  well  moulded 
and  strong.  The  lime  is  of  excellent  quality  for  building  purposes  wherever  the  hydraulic 
property  is  desirable.  It  is  able  to  resist  the  solvent  action  of  sea-water,  and  is  character- 
ized by  a  general  fitness  for  subterranean  and  submarine  construction  in  localities  where  n 
quick-setting  mortar  is  not  required. 


SouUier  &  Brunot,  Teil,  France. 

225  TEIL  HYDRAULIC   LIME. 

Report. — Commended  for  its  excellent  quality  for  building  purposes  wherever  the  hy- 
draulic property  is  desirable,  its  power  of  resisting  the  solvent  action  of  sea-water,  and  its 
general  fitness  for  the  construction  of  subterranean  and  submarine  masonry  in  localities 
where  a  quick-setting  mortar  is  not  required. 


226  James  T.  Allen,  Philadelphia,  Pa.,  U.  S. 

SCAGUOLA  AND  MAREZZO  ARTIFICIAL  MARBLE  COLUMNS,  PEDESTALS,  PILASTERS,  MANTELS, 

WAINSCOTING,  ETC. 

Report. — Commended  for  firmness  of  texture,  accuracy  of  imitation  in  colors  and  polish, 
and  great  variety  in  form. 


227  John  Ambnister,  Camden,  N.  J.,  U.  S. 

A  SECTION  OF  M/VSONRY,  LAID   WITH   HAND-PRESSED   BRICK,  WITH  A   FANCY   BOND. 

Report. — Commended  for  ingenious  and  skillful  workmanship  and  pleasing  results,  due 
to  the  peculiar  bond  employed.     The  bricks  used  are  of  a  superior  quality  and  finish. 


George  Richardson,  Milwaukee,  Wis.,  U.  S. 

228      CARBONIZED  ARTIFICIAL  STONE  SEWER    PIPE,  AND   PIPE  MOULD. 

Report. — Commended  for  the  simplicity  and  strength  of  the  mould,  and  the  increased 
strength  which  it  confers  on  the  pipe,  due  to  the  longitudinal  bed-piece  formed  in  the 
mould ;  and  for  increased  hardness  of  the  artificial  stone  in  the  early  stages  of  introduction, 
produced  bv  the  carbonization. 
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229  Jeronimo  Boada,  Mataro,  near  Barcelona,  Spain. 

ARTIFICIAL  STONE  BALUSTRADES,  SLABS,  AND  SMALL  ARCHITECTURAL  ORNAMENTS. 

Report. — The  articles  are  fairly  well  moulded,  and  hard  and  strong.    The  forms  are  good. 


R.  Escudero,  Santiago,  Chili. 

230     ARTIFICIAL  STONE,  IN   GRINDSTONE,  FLAGGING,  AND   BALUSTERS. 

Report. — They  are  neatly  and  sharply  moulded,  possess  sufficient  strength  and  hardness, 
and  the  balusters  are  well  proportioned  and  artistic. 


NeufchAtel  Asphalt  Co.  (Limited),  Travers,  Canton  NeufchAtel,  Switzerland. 

231  COMPRESSED  ASPHALT   ROCK. 

Report. — It  is  a  material  possessing  great  excellence  for  pavements,  and  for  covering 
articles  and  walls  to  render  them  water-tight. 


232  H.  F.  Onderwater,  Dordrecht,  Netherlands. 

ASPHALT  BLOCKS   FOR   PAVING  STABLES,  CELLARS,  SHOPS,  AREAS,  ETC. 

Report. — They  are  well  and  compactly  moulded,  hard,  tough,  and  of  moderate  price. 


Missisquoi  Lime  Co.,  Boston,  Mass.,  U.  S. 

233  ONE  JAR   OF   LUMP  OR   QUICK   UME. 

Report. — The  lime  is  exceptionally  pure,  and  is  valuable  for  building  and  other  purposes. 


Jos6  Gabriel  Cadiz,  Santiago,  Chili. 

234     ARTIFICIAL   MARBLE   MANTEL,   PILASTERS,   AND  CEMENT  TILES. 

Report. — They  are  well  moulded,  are  hard  and  strong,  with  sharp  edges  and  angles,  and 
good  forms. 


Scanian  Cement  Co.  (Limited),  Lomma,  Malmo,  Sweden. 

235  PORTLAND  CEMENT. 

Report. — It  is  a  Portland  cement  of  good  standard  quality. 


Z.  Yeiraku,  Kioto,  Japan. 

236  PORCELAIN   DECORATED  WITH   SPECIAL   COLOR. 

Report. — Commended  for  excellence  of  red  color,  which,  combined  with  gold  decoration, 
is  very  effective  as  used  by  this  manufacturer. 


S.  Haruna,  Kaga,  Japan. 

237  DECORATIVE  PORCELAIN. 

Report. — Commended  for  excellent  colored  ground,  and  minute  and  delicate  decoration. 


K.  Utsumi,  Kaga,  Japan. 

238  DECORATIVE  PORCELAIN. 

Report. — Commended  for  characteristic  decoration,  rich  and  effective;  good  painting. 
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S.  Fukami,  Arita,  Japan. 

239  PORCELAIN. 

Report, — G>iiimended  for  delicacy  of  porcelain,  good  decoration  of  elegant  design,  and 
careful  painting. 

K.  Tsuji,  Arita,  Japan. 

240  PORCELAIN. 

Report. — Commended  for  excellent  potting,  difficulties  of  manufacture  overcome,  forms 
good,  decoration  of  native  character,  delicate  and  effective. 


Y.  Pukagawa,  Arita,  Japan. 

241  PORCELAIN  VASES. 

Report, — ^The  porcelain  vases  are  some  of  them  very  remarkable  as  pieces  of  potting  on 
a  most  unusual  scale.    The  decoration  also  is  splendid  and  effective. 


Royal  Prussian  Porcelain  Manufactory,  Berlin,  Prussia. 

242  PORCELAIN  AND  CHEMICAL  WARES. 

Report. — ^A  large  and  important  exhibition  of  decorative  and  other  porcelain,  of  a  hard, 
even,  and  compact  body,  and  hard  glaze ;  very  elaborately  decorated.  Chemical  ware  of 
a  very  high  degree  of  excellence. 

W.  Brownfield  &  Son,  StafTordshire,  England. 

243  PORCELAIN  AND  EARTHENWARE. 

Report. — Commended  for  a  variety  of  useful  and  decorative  porcelains  of  high  character 
and  merit,  as  well  as  for  good  and  serviceable  earthenware. 


Vista  Alegre  Porcelain  Manufactory,  Vista  Alegre,  Aveiro,  Portugal. 

244  PORCELAIN. 

Report. — Commended  for  very  compact  vitreous  body,  glaze  remarkably  incorporated 
with  the  body. 

T.  C.  Brown-Westhead,  Moore,  &  Co.,  Staffordshire  Potteries,  England. 

245  PORCELAINS  AND  EARTHENWARE. 

Report. — Commended  for  general  good  quality  and  integrity  of  the  wares,  and  for  ex- 
cellent useful  application  to  common  uses. 


Charles  Field-Haviland  &  Co.,  Paris,  France. 

246  HARD  PORCELAIN. 

Report. — ^Texture  of  the  body  very  good  and  homogeneous;  forms  neat  and  useful ;  deco- 
rations fitting;  highly  commended  also  for  suitability,  in  good  quality  combined  with 
cheapness,  for  purposes  of  commerce. 


Thomas  C.  Smith  &  Sons,  Qreen  Point,  N.  Y.,  U.  S. 

247  WHITE  PORCELAIN  WARES. 

Report. — Commended  for  remarkable  hardness  of  body  and  glaze,  and  clearness  of 
texture. 
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248  F.  Goyard,  Paris,  France. 

FIRE-CLAY  ASSAY  FURNACE  FOR  COAL  AND  GAS  AND  GAS    CUPEL  FURNACS. 

Report. — Commended  as  well  adapted  for  the  purposes,  and  cheap. 


Haviland  &  Co.,  Limoges,  France. 

249  HARD  PORCELAIN. 

Report. — Commended  for  porcelain  of  high  quality,  also  for  the  introduction  of  technical 
processes,  in  some  of  which  success  has  been  attained. 


P.  Detemmermann,  Paris,  France. 

250  PORCELAIN  FLOWERS. 

Report, — Commended  as  skillfully  designed  and  modeled,  and  the  blossoms  naturally 
colored. 


F.  Woodcock,  Paris,  France. 

251  PORCELAIN  FLOWERS. 

^^r/.^!^ommended  as  very  skillfully  modeled,  and  the  blossoms  well  colored. 


Ho  Kan  Chin,  Shanghai,  China. 

252  PORCELAIN. 

Report, — ^A  valuable  and  instructive  collection  of  ancient  porcelain  of  many  factories. 


Hu  Kwang  Yung,  Hong-Chow,  China. 

253  PORCELAIN  AND  POTTERY. 

Report, — ^An  important  collection  of  ancient  and  modem  porcelain,  containing  some 
pieces  of  very  fine  quality ;  also  flower-pots  of  fine  brown  ware. 


Count  Von  Thun,  Klosterle,  Bohemia,  Austria. 

254  PORCELAIN. 

Report, — Conmiended  for  excellent  quality  of  porcelain,  compact,  vitreous,  and  hard 
body ;  tea  wares  especially  good  in  quality. 


Tack  Loong,  Canton,  China. 

255  PORCELAIN. 

Report, — Commended  for  good  quality  and  fair  decorative  effect 


Alexander  Casarir  &  Co.,  City  of  Mexico,  Mexico. 

256  PORCELAIN  POTTERY. 

Report. — Commended  for  very  hard  body  of  porcelain,  creditable  essay  in  porcelain 
painting,  and  in  employing  designs  of  native  character  in  the  decoration  of  pottery. 


R.  Nakashima,  Kagoshima,  Japan. 

257  EARTHENWARE  OF  DECORATIVE  CHARACTER. 

Report. — Commended  for  excellent  potting,  decoration,  and  general  high  chaiacter  of 
his  exhibition. 
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Benshi,  Tokio,  Japan. 

258  TERRA-COTTA  FIGURES. 

Report. — Commended  for  great  force  of  expression  and  singular  skill  in  conveying  the 
meaning  of  the  groups  of  figures. 


Brunt,  Bloor,  Martin,  &  Co.,  East  Liverpool,  Ohio,  U.  S. 

259  WHITE  GRANITE  WARES. 

Report, — Commended  for  good  quality  of  body  and  glaze,  also  for  excellent  decoration 
derived  from  natural  forms  of  grasses. 


Shitomi  Shoei,  Yokka-ichi,  Province  of  Ise,  Japan. 

260  DECORATIVE  EARTHENWARE  CALLED  "  BANKO  WARE." 

^<;^/.-^— Commended  for  skillful  modeling  of  Banko  ware ;  good  "  marbled"  ware, 
showing  dexterous  potting. 

Wage  Kitei,  Kiyoto,  Japan. 

261  EARTHENWARE  OF  DECORATIVE  CHARACTER. 

Report, — Forms  characteristic,  decoration  fair. 


Jose  Alves  da  Cunha,  Caldas  da  Rainha,  Portugal. 

262  EARTHENWARE  FIGURES  AND  ANIMALS. 

Report. — Commended  as  well  modeled,  humorous,  and  clever. 


Hugo  Lonitz,  Neuhaldensleben,  Germany. 

263  TERRA-COTTA   ANIMALS. 

Report, — Commended  for  good  modeling  and  imitations  of  natural  forms. 


Andrea  Boni,  Milan,  Italy. 

264  TERRA-COTTA  STATUES  AND  STATUETTES. 

Report, — Commended  for  spirit  in  design,  fair  skill  in  modeling,  and  cheapness  of  pro- 
duction. 

St.  John's  Stone  Chinaware  Co.,  Quebec,  Canada. 

265  WHITE  GRANITE  WARES. 

^i^^^f/.-— Commended  for  fair  quality  of  body  and  glaze,  good  quality  of  color  in  blue 
*   decoration. 

J.  Stiff  &  Sons,  Lambeth,  England. 

266  STONEWARE. 

Report, — Commended  for  sound  and  hard  body,  and  good  glaze ;  excellent  potting. 


J.  &  C.  Price  &  Brothers,  Bristol,  England. 

267  STONEWARE. 

Report, — Commended  for  dense  and  strong  body ;  forms  suitable  to  purposes. 
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W.  &  J.  A.  Bailey,  Alloa,  Scotland. 

268  ROCKINGHAM  AND  TORTOISE-SHELL  WARES. 

Report, — Good  serviceable  wares  of  rich  and  effective  colors. 


The  Watcombe  Terra-Cotta  Co.,  Watcombe,  South  Devon,  England. 

269  RED  TERRA-COTTA. 

Report. — Commended  for  successful  production  of  decorative  objects  at  very  low  prices 
for  commercial  and  popular  purposes. 


Bates,  Walker,  &  Co.,  Burslem,  England. 

270  EARTHENWARE. 

Report. — A  large  collection  of  staple  and  useful  articles,  well  designed  for  their  purposes, 
and  very  cheap. 

271  A.  Hall  &  Sons,  Perth  Amboy,  N.  J.,  U.  S. 

BROWN  AND  YELLOW  EARTHENWARE,  WHITE  AND  BLACK  BRICKS,  AND  FIRE-BRICKS. 

Report, — Earthenware  of  hard  compact  body  with  rich  colored  glaze.  White  brick  for 
building  purposes  that  will  not  discolor  by  turning  green  or  yellow.  Good  quality  of  fire- 
brick. 


Makudzu  Kozan,  Ota,  near  Yokohama,  Japan. 

272  DECORATIVE  EARTHENWARE. 

Report, — Commended  for  great  ingenuity  and  skill  in  potting ;  success  in  difficult  manu- 
facture accomplished  in  a  short  time. 


John  Edwards,  Fenton,  Staffordshire,  England. 

273  WHITE  EARTHENWARE. 

Report, — Commended  for  general  good  quality  of  wares  and  for  good  potting  and  fitting. 


J.  E.  Jeffords  &  Co.,  Philadelphia,  Pa.,  U.  S. 

274  ROCKINGHAM  AND  YELLOW  EARTHENWARES. 

Report, — Commended  for  good  quality. 


JoSo  da  Roza  Marques,  Extremoz,  Portugal. 

275  POTTERY. 

Report, — Commended  for  good  and  elegant  forms  and  ingenious  decoration,  also  for 
remarkable  cheapness. 

Casimir  Cybulski,  Zmelov,  Russia. 

276  STONE  TEA  WARES,  POTS,  JUGS,  AND  JARS. 

Report, — Conmiended  for  good  quality  and  forms,  and  for  low  prices. 


Leopold  Bonafede,  St.  Petersburg,  Russia. 

277  ENAMELED  TERRA-COTTA. 

Report, — Decoration  characteristic  and  successful. 
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Ali  Agha,  Roostchook,  Turkey. 

278  DECORATED  EARTHENWARE. 

Report, — Commended  for  black  earthenware  successfully  decorated  with  ornaments  in 
white  metal. 

Eugtoe  Blot,  Boulo£^e-sur-Mer,  France. 

279  ORIGINAL  TERRA-COTTA  FIGURES   AND   GROUPS. 

Report, — Commended  for  excellence  of  ^design  and  modeling,  evincing  artistic  skill  of 
a  high  order. 

Mercer  Pottery  Co.,  Trenton,  N.  J.,  U.  S. 

280  WHITE  GRANITE  TABLE  WARE  AND  GILDED  DECORATIONS. 

Report, — Commended  for  good  quality  of  body  and  glaze ;  successful  gilding  decoration, 
though  somewhat  lavishly  employed. 


Galloway  &  Graff,  Philadelphia,  Pa.,  U.  S. 

281  ARTISTIC  TERRA-COTTA. 

Report, — Commended  for  designs  fairly  artistic  and  successfully  carried  out. 


S.  C.  Rose,  Kiu-Kiang,  China. 

282  PORCELAIN. 

Report. — A  good  collection  of  decorative  porcelain ;  some  of  the  designs  being  produced 
from  the  exhibitor's  suggestions. 

Merkelbach  &  Wick,  Grenzhausen,  Germany. 

283  STONEWARE. 

Report. — Commended  for  successful  reproduction  of  the  styles  of  the  sixteenth  and 
seventeenth  centuries  in  a  good  hard  stoneware. 


Reinhold  Hanke,  Htthr,  near  Coblentz,  Germany. 

284  STONEWARE. 

Report. — Commended  for  cheapness  of  stonewares  in  early  styles. 


F.  P.  Albert,  New  York,  N.  Y.,  U.  S. 

285  COMPOSITION   SEWER  PIPES  AND  SEWER   INVERTS. 

Report, — The  articles  are  well  moulded;  the  material  is  very  hard,  tough,  and  compact, 
possesses  a  higli  degree  of  strength,  and  is  believed  to  be  durable.  Its  cost  is  compara- 
tively low. 

William  L.  Gregg,  Philadelphia,  Pa.,  U.  S. 

286  GREGG'S   TRIPLE   PRESSURE   BRICK   MACHINE. 

Report. — The  brick  machine  possesses  great  strength,  works  rapidly  in  moist  clay,  and 
delivers  well-compacted  bricks  of  good  form  and  edges,  and  is  well  arranged  foi  re- 
pressing bricks 


28o  REPORTS  ON  AWARDS. 

J.  W.  Stockwell,  Portland,  Maine,  U.  S. 

287  CEMENT-PIPE  MOULD  OPERATED  BY  POWER. 

Report. — Commended  for  the  simplicity  of  the  mould,  the  strength  of  its  parts,  and  the 
rapidity  with  which  it  can  be  operated. 


The  Brick  Enameling  Co.,  Philadelphia,  Pa.,  U.  S. 

288  ENAMELED  BRICKS,  IN  A  VARIETY  OF  COLORS. 

Report. — Commended  for  the  excellence  and  beauty  of  the  porcelain  enameling,  its 
superior  hardness,  and  the  great  tenacity  with  which  it  is  united  to  the  bricks.     It  resists ' 
a  steel  point,  shows  no  signs  of  crazing,  and  is  doubtless  durable.     It  is  impervious  to 
moisture  and  resists  the  effects  of  Bre. 


Ad.  Hache  &  Pepin- Lehalleur  Bros.,  Paris,  France. 

289  HARD  PORCELAIN. 

Report. — An  important  exhibition,  showing  originality  of  character  in  designs,  good 
decoration,  great  skill  and  knowledge  of  potting  in  producing  a  porcelain  of  very  delicate 
texture. 

The  Union  Stone  Co.,  Boston,  Mass.,  U.  S. 

290     ARTIFICIAL  SOAPSTONE  REGISTER  BORDERS  AND  STOVEPIPE  INSULATORS. 

Report. — The  articles  are  well  moulded,  with  sharp  angles  and  comers,  are  fully  equal 
in  strength,  hardness,  and  durability  to  those  cut  from  the  natural  soapstone,  and  very 
closely  resemble  it  in  texture  and  color. 


Henry  Doulton  &  Co.,  Lambeth,  London,  England. 

291  TERRA-COTTA  AND  DECORATIVE  "  FAlENCE"  AND  STONEWARE. 

Report. — Artistic  terra-cotta  for  decorative  purposes ;  richly  colored  ware  called  "  Lam- 
beth faience ;"  improved  sanitary  stonewares  and  sewer-pipes  of  special  construction. 


Doulton  &  Watts,  Lambeth,  London,  England. 

292  STONEWARE,  ARTISTIC  "  DOULTON"   WARES. 

Report. — Originators  of  a  highly  decorative  stoneware  for  various  artistic  purposes ;  also 
excellent  stoneware  of  large  size  for  chemical  purposes.  A  remarkable  and  instructive 
exhibitioup 

Trubia  Government  Works,  Spain. 

293  FIRE-BRICKS  AND  TELEGRAPHIC  WARE. 

Report. — Commended  for  good  quality  and  adaptation  to  purpose. 


T.  Castellani,  Rome,  Italy. 

294  MODERN  "majolica"   VASES. 

Report. — Commended  for  great  accuracy  in  reproduction  of  the  decorated  work  of  the 
fifteenth  and  sixteenth  centuries. 
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Imperial  Customs,  Shanghai,  China. 

295  POB.CELAIN. 

Report. — ^A  large  collection  of  decorative  objects  of  good  quality  and  showing  some 
good  colors. 

J.  W.  Berlin,  Fuerth,  near  Nuremberg,  Germany. 

296  BLOWN  HALF-WHITE  GLASS  MIRRORS,  POLISHED  AND  SILVERED. 

Riport, — Commended  for  cheapness. 


A.  Bougard,  Manage,  Belgium. 

297  GLASS  TABLE  WARES. 

Report, — Commended  for  very  low  prices. 


Christiania  Glass  Magazine  (Harald  Berg),  Christiania,  Norway. 

298  GLASS  TABLE  WARES. 

Report, — Commended  for  low  prices. 


M.  Marunaka,  Kanazawa,  Kaga,  Japan. 

299  EXHIBITION  OF  DECORATIVE  PORCELAIN. 

Report. — ^A  very  instructive  and  important  exhibition  of  decorative  porcelain  of  the 
Province  of  Kaga,  offering  valuable  suggestions  to  manufacturers  in  this  country. 


SIGNING  JUDGES  OF  GROUP  II. 


The  numbers  annexed  to  the  names  of  the  Judges  indicate  the  reports  written  hj  them 
respectively. 

R.  H.  SoDEN  Smith,  i,  5,  24,  121, 122, 123,  129, 130,  131, 132, 133,  144,  ^47, 150, 
152,  187,  240,  250,  254,  258,  266,  277,  282. 

Hector  Tyndale,  29,  31,  33,  34,  35,  37,  39, 40,  42, 44, 46,  48,  49,  51,  55,  56,  58,  59, 
61,62, 6s,  71,  72,  73,  75,  78,  79,  81,  85,  89,  93,  97,  100, 104, 106, 108,  III,  112, 120,  125, 
126,  127,  128,  137,  138,  160,  164,  185,  186,  189,  190,  239,  246,  253,  255,  257,  265,  269, 
274,  276,  292,  294,  296,  297,  298. 

Q.  A.  GiLLMORB,  6,  7,  8,  9,  10,  II,  12,  13,  14,  15,  l6j  17, 19,  21,  28v  67,  143,  '4»,  »7i. 
180,  181, 182, 188, 191,  19a,  194,  195,  196^  197,  198,  199,  200,  2or,  2Q2y  203,  204,  205, 
206,  207,  209,  210,  211,  212,  213,  214,  215,  216,  217,  218,  219,  220,  221,  222,  223,  224, 
225,  226,  227,  228,  229,  230,  231,  232,  233,  234,  235,  285,  286,  287,  288,  290. 

G.  Seelhorst,  30,  32,  36,  38,  41,  43,  45, 47.  50*  52,  53»  57.  60.  63,  64, 66,  68,  69,  70, 
74.  76,  77.  80.  82.  83.  84.  86,  87,  90,  91,  92,  94,  95,  96,  98,  99,  101,  102,  103,  105,  107, 
109,  no. 

A.  E.  NORDENSKIOLD,  2,  II7,  I34,  I39,  I4I,  168,  183,  I93,  243,  247,  251,  268,  275, 
280,  284,  289. 

E.  T.  Cox,  18,  20,  25,  26,  27,  149,  153,  154,  155.  156,  157.  158, 159.  161,  162,  163, 
165,  167,  169,  172,  173,  174,  175,  176,  177,  178,  179,  248,  271. 

Arthur  Beckwith,  3,  4,  23,  88,  115,  135,  136,  142,  145,  146,  236,  237,  241,  242 
245.  249.  259.  273.  278,  279,  281,  291,  295. 

C.  DE  BUSSY,  22,  54,  114,  124,  140,  151,  166,  184,  244,  256,  260,  261,  262,  263,  264, 
267,  270,  283,  293,  299. 

Henry  Wurtz,  170,  208. 

K.  NoTOMi,  113,  116,  118, 119,  238,  252,  272. 
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or 


JUDGES    ON    APPEALS. 


JUDGES. 


John  Fritz,  Bethlehem,  P&. 
Edward  Conley,  Cincinnati,  Ohio. 
Charles  Staples,  Jr.,  Portland,.  Me. 
Benj.  F.  Britton,  New  York  City. 
H.  H.  Smith,  Philadelphia,  Pa. 


Coleman  Sellers,  Philadelphia,  Pa. 
James  L.  Claghorn,  Philadelphia,  Pi. 
Henry  K.  Ouvxr,. Salem,  Mass. 
M.  WiuUNS,  Harrisbtti]^,  Oregon. 
S.  F.  Baird,  Washington,  D.  C. 


Anonjrmous  Society  for  Olaso  Manufacture  of  Charieroi,  Lodelinsart,  near 

Charlexoi,.  Bel(pUim. 

I  glass. 

Report, — For  good  quality  of  glass  and  evenness; 


Marinha  Grande  Royal  Qlasa  Manulactotyy  Marinha  Grande,  Portugal. 

2  GLASSWARE. 

Report, — Commended  for  a  very  good  display  of  useful  glassware,  from  the  commonest 
pressed  glass  goods  to  a  good  quality  of  cut  glass  of  good  quality  of  material  and  design, 
at  very  moderate  prices. 

Cabo  Mondego  Mining  and  Industrial  Co.,  Lisbon,  Portugal. 

3  GLASS  SRA]»8  AND  LARGE  GLASS  CTUNDEKS. 
Report, — A  good  display  of  glass ;  quality  and  workmanship  very  good. 


Albiani  Franco  Tomei,  Pietra-Santa,  Lucca,  Italy. 

4  SAMPI^BS  OP  COMPOSITION  PAVEMENTS. 

Report. — Commended  for  strength  and  good  workmanship.    This  is  represented  by  good 
samples  of  cement  tiles  for  pavements. 


Edward  Brooke  A  Sons,  Field  Lome  Fire-Clay  Works,  Huddersfield,  YorlnUre, 

England. 

5  SANITARY  tubes;  FIRS  BRICKS  AND  CLAY  FOR  FURNACES. 

Report, — ^Commended  for  good  material  and  workmanship. 
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